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Observations were begun upon the planet on the morning of 
July 24th. With the exception of the thunder storms common 
here at this season, the weather has been very good, giving highly 
satisfactory views of the planet. The first and most important 
result so far, has been the corroboration afforded by the details 
of the disk of the seasonal changes annually undergone on the 
surface of the planet. It is now midsummer in Mars’s southern 
hemisphere, the solstice having been reached, according to 
Marth’s revised ephemeris, on July 13th last. 

At the present moment, therefore, the season on Mars corres- 
ponds to what was shown us toward the end of September, 1894. 
To this seasonal parallel the aspect of the planet perfectly con- 
forms, the detail now seen, being similar—as nearly as may be 
judged considering the difference in size; the diameter now being 
but one-half of what it was—to what was then visible. This is 
true on four counts, to-wit: in the size of the south polar cap; 
in the tone of the dark markings; in the character of their con- 
tours; and in the visibility of the canals and of their associated 
markings. 

Polar Cap.—The south polar cap is now exceedingly small; be- 
ing apparently much as it was toward the end of September, 
1894. Owing however, to the Jess tilt of the disk, — 13° as 
against — 24°, it is not so well seen. This combined with the 
smallness of the disk has made it at all times difficult to detect. 
Its greatest length lies, apparently, in longitude 20°—200°. Best 
seen on the 25th, it has not been unmistakably seen since July 
28th. This, however, is owing te its eccentric position with re- 
gard to the pole of the planet and to the fact that since that date 
the longitude of its centre has at the hours of observation been 
on the further side of the pole and been, therefore, hidden from 
view by the curvature of the surface. It is worth noting that it 
has been seen best after sunrise. 

The north polar cap has been suspected but not definitely seen 
and it is a question whether it yet exists. The north limb, how- 
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ever, or rather the edge of the terminator there for the phase 
stretches that far round on the north side, shows continuously a 
bluish light. 

General Tone of the Markings.—The limb.light is less conspicu- 
ous than it was at the beginning of observations of 1894. As 
this light is pretty certainly due to vapour in the Martian air 
(see my previous papers on the subject) it is to be inferred that 
there is less of such vapour in suspension there at the present 
time than there was in June, 1894. When we reflect that the 
polar cap is now, in consequence of the more advanced season, 
much smaller than it then was, we see that less vapour in the air 
was to have been expected on general grounds. 

The large blue-green areas are almost entirely limited now to 
those nearest the equator, those about the pole being barely dis- 
cernible, while around the pole itself is a broad yellow color like 
what appeared in August, 1894. Those dark areas that do ap- 
pear are less pronounced in tone. 

Character of Contours —In spite of the faint character of both 
the Mare Cimmerium and the Mare Sirenum the Sinus Titanum is 
perfectly marked, whereas, in the early observations of two years 
ago it was not discernable, yet the planet was then nearer to us 
in the proportion of 9 to 8 and all details should have been cor- 
respondingly better seen in the reverse ratio. In this connection, 
I may mention an observation of Maraldi’s in 1704 which I 
chanced on the other day, as instancing asimilar seasonal change 
then and so marked as to have been detected with the then instru- 
mental means. He says: 

‘* Among these different markings, we noticed one in the form of 
a band near the centre of the disk, much like one of the belts of 
Jupiter. It did not encircle the whole of the globe of Mars, but 
was interrupted, as happens sometimes to the belts of Jupiter, and 
occupied only a little more than one hemisphere of Mars; which 
we discovered on observing this planet at different hours on the 
same night and at the same hours on different days. This band 
is not uniform throughout, but at about 90° from its preceding 
end in the rotation of Mars, made an elbow with a point turned 
toward his northern hemisphere. It was this point, quite well 
outlined, in contradistinction to the usual markings of this plan- 
et, that served us for verification of his rotation. 

We saw the band (this band was the Mare Cimmerium and the 
Mare Sirenum) from the first observations that we made with 
the big glass in the month of August, when the disk of Mars 
which was then approaching the Earth began to look big enough; 
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nevertheless, we did not see the point (the Sinus Titanum) of 
which we have just spoken till the month of October following.” 

One of the curious dark spots in the blue-green regions 
(described in my observations of 1894.) has shown itself, the one 
in the Beak of the Sirens. It came out for a moment unmistaka- 
bly as I was watching the planet on the morning of August 7th. 
In tone it was many degrees darker than that of the Mare 
Sirenum in general. 

Canals.—As expected from their seasonable character, the 
‘anals are noticeably more evident than they were when the 
planet was at a corresponding distance at the last opposition. 
Indeed the disk of the planet has not yet attained even the mini- 
mum diameter it had when observations were begun here two 
years ago. It was a second less on July 24th this year, than it 
was on May 31st, 1894, an eighth of its whole amount. In spite 
of its small size, however, twenty-six canals have already been 
made out upon it by one or all of the three observers watching 
it, Mr. Douglass, Mr. Drew and me. These canals are those com- 
prised within the longitudes 290° to 120°, since those longitudes 
have been the only ones so far centrally presented. The twenty- 
six are as follows: 


Astapus Erinaeus 
Lethes Titan 
Amenthes Brontes 
Cerberus Orcus 
Avernus Tartarus 
Cambyses Erebus 
Galaxias Hades 
Achelous Araxes 
Boreas Ulysses 
Laestrygon Sirenius 
Cretes Gorgon 
Steropes Evenus 
Eumenides Gigas. 


Even the oases have given evidence of being already formed. 
They have appeared for the most part only as blotches, thicker 
patches on the canals, but one of them—Utopia, I believe it to 
be—came out quite distinctly on August 7th. 

When we consider the great distance the planet is away and the 
smallness of the disk it presents, it is evident how much farther 
the development of the whole canal system has progressed, in 
consequence of the advance of the Martian seasons than was the 
case at the corresponding observational date two years ago. 

LOWELL OBSERVATORY, Flagstaff, A. T., 

Aug. 10, ’96. 
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THE STUDY OF ASTRONOMY .—II. 


Wat. W. PAYNE. 

Our first and introductory part about the study of astronomy 
was presented in the August number of this publication. It 
called attention to the popular interest, now, in the study of 
science generally, and the rapidly increasing knowledge of as- 
tronomy in this particular, and, divided the subject into three 
parts for convenience of treatment: 1. The study of astronomy 
that belongs to a general and liberal scholarship; 2. That now 
needed to fit persons well for positions of instruction in the high 
school, academy, or college; and 3. Such a course of study and 
practical training as are adapted to the needs of a professional vo- 
cation. The knowledge of a standard, elementary text-book on 
astronomy is made the important foundation of each of these 
three different lines of study or faithful reading, and some sugges- 
tions are offered concerning the method of this work, its object, 
and the results expected to flow from it, as very needful for further 
orderly progress. Then, the six great themes of astronomy are 
named, and the first is chosen, the Moon, and a reading scheme, 
as a model, is offered for note book and other records that should 
always accompany reading and study. What has been said so far 
is intended for the popular reader, and as fundamental work for 
the teacher and for the professional student. 

The next celestial body for study, the Sun, is manifestly the king 
royal of the sky, pertaining to Earth and earthly things. In his 
power are life, light and surpassing beauty in all things terres- 
trial. His sway of comets, meteor trains and planetary worlds 
in the solar system is constant and supremely great in the 
thought of intelligent minds, as they know that it reaches also 
to the depths of remotest star realms. 

The scale of things in the solar system is so great, and the 
powers exerted by the Sun so amazing that cultivated minds 
even fail to comprehend or to appreciate the results that are 
definitely known. The main reason for this lies in the fact 
that the magnitude of such concepts is wholly beyond the range 
of ordinary thinking, and hence it is hard for the mind to hold 
them long enough to secure deep and lasting impression. On the 
other hand these prodigious forces are so gently variable and so 
benificently operative in nature about us, that they are thought 
of usually as common place things and nothing more; so that 
the influence they might have on minds of ordinary powers is 
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sadly lost. Probably the main reason for this lies in the fact 
that there is too often a lack of thoughtful observation of com- 
mon things, easily within reach, as related to courses of reading 
like those herein suggested. If he will, any person can soon over- 
come lax habits of this kind, and replace them by better ones 
that will serve the determined reader nearly as well in self-guided 
instruction, as if he were under some course of severe training 
whose exact requirements must be punctually met at all times. 

This second topic is not chosen because it is especially easy in 
all points of its study, but, rather because of its relation to the 
solar system, because it is the nearest of the objects with which 
it is classified as a celestial body, and because astronomers know 
more about the Sun than they do of other stars in the sidereal 
universe. 

Our first reading from the elementary text-book will bring out 
definitely the place of the Sun in the solar system, its distance 
from the Earth, its s.ze in miles and its motion on its axis. If he 
has not done it before, the reader may well pause right here, and 
fix in mind some illustrations of the enormous distance of the 
Sun from the Earth, for that distance is the fundamental unit of 
linear measure in the solar system, much used in astrono:nical 
calculation. The illustrations of the railway train, of sound and 
of light, given in Young’s text-book and others, are well chosen 
to secure definite thought. A new phrasing of some of these ex- 
amples and some others, given in Howe's ‘‘ Study of the Sky,” are 
helpful and suggestive in the same direction. Some such means 
of bringing this great fact clearly into mind should be used, and 
best illustrations of it committed to memory, until the magnitude 
of the Sun’s distance is so familiar that we may truly realize 
something of the scale on which the solar system is built. 

The size of the Sun may be thought of and illustrated in a sim- 
ilar way. The usual example is as happy and effective as any we 
know of. It is to suppose the Earth to be placed at the centre of 
the Sun which is imagined to be a hollow sphere; then, since the 
Moon is 239,000 miles from the Earth, and the Sun’s radius is 
about 433,000 miles, it is plain that the Moon’s path around the 
Earth would lie within the Sun about half way from centre to 
circumference. If the Earth had a second Moon nearly 200,000 
miles further out into space than the present one, its path also 
would lie wholly within the solar surface. So it appears that our 
earth-moon system is really small when compared with the di- 
mensions of the Sun. This will suggest other illustrations that 
the reader may easily make for himself to aid in comprehending 
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the size of the Sun, which we know to be 866,400 miles in diame- 
ter. 

In reading about the rotation of the Sun on its axis, some con- 
fusion of thought my arise, when the statement is made that dif- 
ferent parts of the solar surface rotate in different periods of 
time; those at the equator in 25 days, 30° north or south in 26 
days, and at 40°, 27 days. This state of things is known to be 
true, but the reason for it is not well understood. If the Sun as 
a whole is a gaseous body, the motion of the surface of it could 
not be uniform, probably, unless perfectly symmetrical in density 
and undisturbed from without. But that the surface motion 
should vary according to a law so peculiar as that indicated by 
the figures above at once shows that the problem, as to the cause 
of this uniformly varied motion, is one of great intricacy whose 
solution may not be reached for some time yet. 

It is easy to see that this knowledge has been gained by thor- 
ough and long-continued study of the dark spots that, from time 
to time, appear an the surface of the Sun. By the apparent mo- 
tions of these spots from day to day, not only is the rotation- 
time of the Sun known, but the inclination of the Sun’s axis of 
rotation is also definitely known. All the characteristics of the 
spots, their origin, size, continuance, decay, periodicity, electrical 
and magnetic phenomena and spectroscopic revelations may be 
read usefully with pains-taking care, for the sunspot is undoubt- 
edly the key to most of our knowledge of the Sun. 

The first reading of the text will bring out most of the things 
enumerated above pretty fully, as well as many other useful 
things. The next step is to associate this knowledge and then to 
build upon it in detail as far as possible. After the fundamental 
facts of distance, size and motion, the theory of sunspots will 
naturally follow. What sunspots are, how they are caused, or 
who has explained them best, are queries difficult to answer, be- 
‘ause recognized authorities differ so much in opinion in trying to 
account satisfactorily for the same observed phenomena. 

Now, the fact that astronomers have failed to agree in the 
study of so important a matter as the real cause of sunspots 
will probably surprise our reader, at first, but the more he reads 
and thinks, the more plainly he will see that his perplexity arises 
mainly from the inherent difficulty of the problem rather than 
from any other source. This being true, the real student will not 
be discouraged about what he does not find tor such a reason, 
but rather he will gather and arrange all known facts on such a 
topic the more carefully and thoroughly, in order to see what he 
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may independently learn from them as the result of his own 
thinking. As he perseveres in laying the best foundation he can 
for orderly thought in this study, he will turn with renewed inter- 
est to the spectroscope and its revelations, from sunspot obser- 
vations that bear so definitely on the general constitution of the 
Sun, and on the condition of some of the elements found in it. 
The facalz and the granulation of the solar surface generally are 
easily associated with the sunspots, as phenomena belonging to 
that part of the Sun called the photosphere. 

Other parts of this topic go under the names of chromosphere 
and corona, light and heat. Very much about each might be said, 
for they are all themes of richness and surpassing interest, but 
what has been said so far will offer sufficient suggestion to con- 
clude what remains in useful way by the guidance of a well-pre- 
pared scheme with suitable reference books for reading. We give, 
below, a brief outline which may serve as a model, for note-book, 
or for scheme to be explained, filled out, as extended study of the 
theme in years to come may be made. 


THE SUN. 


1. Distance of the Sun from the Earth. How determined. 
Probable error in value. 

2. Diameter. How measured. » 

3. Mass, density and gravity at the surface as compared with 
the Earth. 

4. Time of rotation. The peculiar law. 

5. Photosphere, spots, faculz, granulation. 

6. Chromosphere, reversing stratum, prominences. 

7. Corona. Its form, constitution, nature and origin. 

8. Solar photography. 

%. Spectroscopic study of the Sun. 

). Eclipses and chronology. 

11. The Sun’s light and heat. 

12. Supposed constitution of the Sun. 

13. Possible age and duration. 

14. Study of the Sun now in progress. 

After a mastery of the elementary text-book, the best book we 
know of in the English language, for further reading to fill out 
such a scheme as that given above, is the new and revised edition 
of ‘* The Sun”’ by Professor C. A. Young. This edition bears date 
of 1895. This book is practically new and it will bear reading 
many times if a person wishes to become well informed in all 
parts of the subject. As works of reference for the opinions of as- 
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tronomers and general statement of facts pertaining to the Sun, 
the following are suggested: Le Solil, by Secchi, Chambers’s 
Handbook of Astronomy, The Dawn of Astronomy by Lockyer, 
Meteoritic Hypothesis, Chemistry of the Sun by the same author, 
Ball’s Story of the Heavens, Langiey’s New Astronomy, The Vis- 
ible Universe by Gore, Newcomb's Popular Astronomy, Schein- 
er’s Astronomical Spectroscopy, Young’s General Astronomy and 
Howe’s Study of the Sky. These are some of the books that are 
easily occessible to the general reader and the student who wish 
to do more work on this topic to fit himself for teaching, for pop- 
ular lecturing or for special investigation. 

We will continue this theme in our next number, for the purpose 
of amplifying some points that were omitted this time for want 
of space. 


THE NEWTONIAN CONSTANT OF GRAVITATION." 
Cc. V. BOYS. 


It will not be possible at this late hour to explain how the ob- 
servations are treated so as to obtain the value of G.+ It is suffi- 
cient to state that in one of these clips all the observed deflections 
and corrected periods are collected. In the second all the geomet- 
rical observations are collected and reduced so as to obtain what 
I call the geometrical factor, 7.e.a number which, when multiplied 
by the unknown G, gives the torsion on the fibre. In the third, 
the moments of inertia and periods are made use of to find the 
actual stiffness of the fibre in the several experiments, and in the 
fourth these are combined so as to find G. From G the density of 
the Earth, 4, immediately follows. 

The annexed table contains the important particulars of each 
experiment. From this it will be seen that the lead balls were 
twisted and interchanged in every way, so as to show any want 
of gravitational symmetry if it should exist. For instance, after 
experment 7 the ball that was high was made low, the side that 

yas outwards was turned inwards, and their distance apart was 
reduced by 1/50 inch, but the change in the result was less than 1 
part in 2400. The experiments 7,8, 9,10 were made under wide- 
ly different circumstances. After experiment 8 the gold balls were 
changed for heavier gold cylinders, which, as has already been 
stated, reduced the torsion of the fibre nearly 5 per cent., but the 
result differs from that of experiment 7 by 1 part in 3700. I then 
broke the end of the torsion fibre. After keeping it in London 
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PLATE VIII. 


OPpTICAL COMPASS IN POSITION. READING SIDES OF SUPPORTING WIRES WITHIN VERTICAL TUBES. 
Photographed by C. V. Boys for PopuLAR ASTRONOMY. 
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PLATE XIV. 


MICROSCOPE READING MIRROR SUPPORTED ON BEAM CARRYING STEEL TAPE 
WITH FINE ENGRAVED LINES. 


Photographed by C. V. Boys for Popular AsTRONOMY 


POPULAR ASTKONOMY, No. 33. 
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PLATE XVI. 


MICROSCOPE READING END OF SLIDING Rob. 


Photographed by C, V. Boys for PopULAR ASTRONOMY. 


POPULAR ASTRONOMY, No, 33. 
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PLATE XVII. 


SMOKED DrUM ELECTRICALLY DRIVEN AND CONNECTED WITH OBSERVING KEY AND 
CLock. THE DIFFERENT TYPES OF MARKS SEEN FULL SIZE IN THE PAPER 
PUBLISHED IN Pid. Trans. ARE HERE CLEARLY SEEN WITH A LENS. 
Photographed by C. V. Boys for PopuLAR ASTRONOMY. 

POPULAR ASTRONOMY, NO. 33. 
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three months I broke the other end. I then re-soldered each end 
and put the fibre back in its place, and after making every obser- 
vation afresh, found with the new shorter and stiffer fibre a result 
differing from that of experiment 8 by only one part in 60,000, 
These four experiments were all made under favourable circum- 
stances, and on this account I fee! more able to rely upon them 
than on the earlier ones, which were subject to greater uncertain- 
ty. The last experiment was made under most unfavorable con- 
ditions. The periods and deflections were taken in the first four 
hours after midnight, then, after a few hours sleep, and far too 
soon for the temperature to have quieted down, I took the period 
with the counter-weight, but was only able to give ten minutes, 
as I had to catch a train in order to be able to give my midday 
lecture at South Kensington. It is not surprising that under such 
conditions a difference of 1 part in600 should arise. There is a dif- 
ference of about the same order of magnitude between the earlier 
experiments and the favourable four. There is one point about 
the figures that I should like to mention. No results were calcu- 
lated till long after the completion of the last experiment. Had 
I known how the figures were coming out, it would have been 
impossible to have been biassed in taking the periods and deflec- 
tions. Even the calculating boys would not have been quick 
enough to discover whether the observed elongations were such 
as would give a definite point of rest. I made my observations, 
and the figures were copied at once in ink into the books, where 
afterwards they left my hands and were ground out by the calcu- 
lating machine. The agreement,such as it is, between my results 
is therefore in no way, the éffect of bias, for I had no notion till 
last May what they would be. 

My conclusion is that the force with which two spheres weigh- 
ing a gramme each, with their centres 1 centimeter apart, attract 
one another, is 6.6576 X 10~* dynes, and that the mean density 
of the Earth is 5.5270 times that of water. I do not think the 
fourth significant figure can be more than one or, at the outside, 
two parts in error. 

It is evident, from what I have already said, that this work is 
of more than one-man power. Of necessity I am under obliga- 
tions in many quarters. In the first place, the Department of 
Science and Art have made it possible for me to carry out the ex- 
periment by enabling me to make use of apparatus of my own 
design. This belongs to the Science Museum, where I hope in 
time to set it up so that visitors who are interested may observe 
for themselves the gravitational attraction between small 
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masses. Professor Clifton, as I have already stated, has given 
me undisturded possession of his best observing room, his only 
good underground room, for the last four vears. The late Profes- 
sor Pritchard lent me an astronomical clock. Professor Viriamu 
Jones enabled me to calibrate the small glass scale on his Whit- 
worth measuring machine; and Mr. Chaney did the same for my 
weights. I would specially refer to the pains that were taken by 
Mr. Pye, of the Cambridge Scientific Instrument Company, to 
carry out every detail as I wished it, and to the highly skilled 
work of Mr. Colebrook, to which I have already referred. Final- 
ly, 1 am under great obligations to Mr. Starling, of the Royal 
College of Science, who performed the necessarily tedious caleula- 
tions. 

In conclusion, I have only to say that while I have during the 
last five years steadily and persistently pursued this one object 
with the fixed determination to carry it through at any cost, in 
spite of any opposition of circumstance, knowing that by my 
discovery of the value of the quartz fibre, and my development of 
the design of this apparatus, I had, for the first time, made it pos- 
sible to obtain the value of Newton's Constant with a degree of 
accuracy as great as that with which electrical and magnetic units 
are known; though I have up to the present succeeded to an ex- 
tent which is greater, I believe,than was expected of me, I am 
not yet entirely satisfied. I hope to make one more effort this 
autumn, but the conditions under which I have to werk are too 
difficult; I cannot make the prolonged series of experiments in 
a spot remote from railways or human cisturbance; I cannot es- 
cape from that perpetual command to come back to my work in 
London; so after this I must leave it, feeling sure that the next 
step can only be made by my methods, but by some one more 
blest in this world than myself. 


THE GRAPHIC CONSTRUCTION OF ECLIPSES AND OCCUL- 
TATIONS.—VI.* 


WM. F. RIGGE, S. J 


For POPULAR ASTRONOMY. 

The Eclipse Map.—The manner of constructing this chart 
or eclipse map is the main purpose of the present article. 
Fig. II is merely a preparation for the same, and is to 
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furnish the necessary data for it. The map which we in- 
tend to construct must give the necessary latitude and lon- 
gitude lines at convenient intervals, together with the coun- 
tries and bodies of water over which they pass, as well 
as all the necessary eclipse lines, so that we may be able to see at 
a glance not only the places at which the eclipse will be visible, 
but also to determine for all of them the times of the beginning, 
middle and end, and the degree of obscuration. This eclipse map 
may either be a general one and embrace all the places on the 
Earth at which the eclipse will be visible, or it may be only a sec- 
tional map of one country and confine itself to the progress and 
circumstances of the eclipse within its borders. As a specimen of 
the first kind we have the map given by the Ephemeris, which 
enables us to determine the entire area swept over by the penum- 
bra, as well as the path of its centre, the lines upon which the be- 
ginning, middle and end will occur at sunrise and at sunset, and 
those upon which the eclipse begins and ends at a full hour of 
Greenwich time. As the reader of these pages will most probably 
have access to the Ephemeris, we have not thought it necessary 
to reproduce its map in the present article. It will certainly ap- 
pear in a later number of PopuLAR AsTRONOMY. However, in 
default of this, our Fig. I contains all that is given in the Ephem- 
eris map except the west oval and the lines of the beginning and 
end of the eclipse at the full hours. All these lines, of course, it is 
our intention to explain, and Fig.I will serve our purpose almost 
as well as the Ephemeris map. 

In order that we may know the extent of this general map of 
the eclipse and be able to lay down upon it all those regions with- 
in which the eclipse will be visible, we must determine approxi- 
mately the northern and southern limits of the eclipse and the 
outer branches of the ovals, and also the path of the central 
eclipse in order that we may place it near the middle of our map. 
The precise manner of thus ascertaining the borders and centre of 
our eclipse map, we shall explain in the course of our article. But 
for the present we must suppose this much known and trust our- 
selves to the map in the Ephemeris. Lest this manner of proceed- 
ing should appear to be beating about the bush to some of our 
readers, we may first determine the more important eclipse lines, 
such as the borders and the ovals, and mark them temporarily 
on a map of the world or of its hemispheres given in a geography, 
until we have obtained the data we need. 

Taking for granted for the present, therefore, that we have a 
general notion of the limits of the eclipse, we set to work to con- 
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struct a map of that part of the world. For this purpose we 
draw the meridians and parallels of latitude for every ten de- 
grees according to any of the numerous methods used in the pro- 
jection of a sphere, such as, for example, the orthographic, stereo- 
graphic, gnomonic, Mercator’s, conic, and the like, or even any 
arbitrary method of our own. Having thus laid down our lines 
of reference and numbered them appropriately, we consult a com- 
mon school geography and fill-in the shore lines of the continents, 
plot the large cities, and draw the rivers and mountain ranges 
and all other details that we judge expedient and the size of our 
map allows. This method of constructing a map by means of 
latitude and longitude lines is the only truly scientific one, as well 
because it substitutes fixed and unvarying reference lines for the 
arbitrary lines and directions given in geographies, as also by 
their means we may in a short time become familiar with the 
positions on the Earth of the more important cities and coun- 
tries, and their relative distances and magnitudes. It will also 
enable us with equal facility to construct our map on any projec- 
tion of the sphere, instead of confining ourselves to one alone. 
We may, of course, spare ourselves the labor of constructing our 
map, if we draw our eclipse lines directly on a map of the world 
given in a geography, but this may not serve our purpose as well 
as a special map. 

Fig. Lin the present article is an orthographic projection of the 
terrestial sphere upon the fundamental plane. The latitude and 
longitude ellipses were drawn according to the method explained 
before for Fig. Il. These reference lines being laid down and the 
latitude ellipses properly numbered, we must next select an in- 
stant of time in order to fix the longitude of the central, and 
hence of every, meridian. For the sake of convenience in con- 
structing the map, the longitude of this central meridian ought 
to be a multiple of 10° from Greenwich, or at least of 5°. The 
longitude of the central meridian, or which comes to the same 
thing, the Sun’s Greenwich hour angle, or the Greenwich appa- 
rent time at that moment, is called “ by the Ephemeris on page 
415, where it is given for every 10 minutes. We see that «= 
35° 56’.6, or with sufficient accuracy, “ = 36° at 2" 30™ Green- 


wich time, or at 8" 30" a. mM. Central time. As mu varies 15° in 


an hour, and 1° in 4", “= 35° at 8" 26” a. Mm. Central time. 
This is the instant selected on Fig. I. If we had taken «= 30° 
or #=— 40°, the resulting Central time would have differed 20" and 
brought us too far from 8" 32", the time of the greatest obscur- 


ation for St. Louis, which it was our object to approximate as 
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closely as convenient. If we had taken 8" 32", « would have 
been 3612°, and the plotting of the countries on our map would 
have been very inconvenient, because they would all have to be 
shifted 6% or 3% degrees from the position given them in 
geographies. Drawing our meridian ellipses to a value of ft 


Fic. I—THE EARTH AS SEEN FROM THE SUN Av 8" 26™ a. M. CENTRAL TIME, 


JuLy 29, 1897. 


of 6%° plus a multiple of 10° on one side, and of 3%° plus 
a multiple of 10° on the other side of the central meridian on 
Fig. I, would have entailed too much labor. Having therefore 
determined upon 35° west of Greenwich as the longitude of the 
central meridian, we number the other meridians accordingly, 
and plot the map in the usual way from a geography. 

As an example of the second kind of eclipse map, that is, of a 
sectional map of one country, we would refer the reader to Figs. 
IV, V and VIII, which give the times of the beginning, middle 
and end of the%eclipse, as well as its magnitude, for the entire 
United States. The eclipse lines were drawn according to the 
method to be explained later. The maps themselves are reduced 
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copies of an outline map of the United States, which may be ob- 
tained from booksellers at a trifling cost. These sectional eclipse 
maps are more interesting to construct than a general eclipse 
map, not only because the work is less laborious, but especially 
because it is entirely original and furnishes data to be found no- 
where else. It is for this latter reason particularly that we rec- 
ommend their construction to those of our readers who take an 


interest in such matters, for they need have no fear of being fore- 
stalled in their labors. 


Eartu’s SuNLIr HEMISPHERE FOR A WHOLE Day OF THE ECLIPSE. 


First and Last Contact.—The first points that we intend to 
plot on our eclipse map are those known as the points of First 
and Last Contact, that is, the position of that place on Earth 
which is the very first to see the eclipse begin, and of that which 
is the very last to see it end. Let us therefore draw the penum- 
bral circle (radius, 0.553 for this eclipse, Ephem. p. 415) at VII" 
(1° 0" G. M. T.), (see Fig. 11). It does not touch the Earth, and 
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the eclipse has not yet begun anywhere on the Earth. We move 
the dividers or the compass (or better a gelatine circle with the 
proper radius) carefully along, and find that at VII" 2™ (the 
Ephemeris p. 412 gives I" 2".0 G. M. T.) the penumbra touches 
the Earth at the point B. This point of tangency, B, is necessar- 
ily on the line joining the centre of the penumbra at VII" 2™ and 
the centre of the Earth’s disk,C. Having the time, we must next 
find the place on the Earth that is the first to see this eclipse. As 
this place B is situated at the very edge of the Earth’s disk where 
it is impossible to estimate its position by reference to the lati- 
tude and longitude ellipses, we must determine its position by 
measuring its ordinate, 7, or vertical distance of B above the axis 
of X, and then computing its latitude and longitude. The lati- 
tude is given by the formula, sin g=7/cos 0,in which 6 is + 18°36’ 
for this eclipse, and 7 is by measurement found to be + 0.302. 
The result is gy = + 16° 38’. The hour angle 7, that is, its differ- 
ence of longitude from the central meridian which is projected 
upon the axis of Y,is found from the formula, cos = tan tan ¢, 
whence t = + 84° 14’ or F 84° 14’ + 180° 0’ = = 95° 46’. Of 
these four possible values of 7 we must in our case first take a 
negative value, because the point B is to the left of the axis of Y, 
and secondly we must take the value which is greater than 90° 
because B is above or north of the axis of X and therefore beyond 
the 90° meridian ellipse, whose points of tangency with the 
Earth’s disk are at the extremities of the axis of X, and whose 
minor axis terminates at the pole. ‘The reason for the addition 
of + 180° to the value of 7 was given before, as the reader may 
remember, when we spoke of the construction of the meridiar 
ellipses. The value of 7 for the point B is therefore — 95° 46’. 
The longitude of the place B is found from the formula,A = «—r, 
in which «is the Greenwich longitude of the central meridian at 
that time. The value of “, as was said before, is given in the 
Ephemeris on page 415 for every 10 minutes during this eclipse. 
As it varies 15° per hour, and 15’ (of arc) per minute of time, the 
value of wat VII" 2" (1° 2" G. M. T.) is 13° 56’. Hence, the lon- 
gitude A = u« — rt = 13° 56’ — (— 95° 46’) = + 109° 42’. The 
Ephemeris, p. 412, gives + 16° 57’.0 for the latitude and + 109° 
49’.6 for the longitude, a difference from our results which no 
eclipse chart of ordinary scale will show. This point B is now 
marked on our eclipse map as FIRST CONTACT. It will be found 
in the chart given by the Ephemeris and in our Fig. I, and is sit- 
uated in the Pacific Ocean a short distance west of the city of 
Mexico. The corresponding point of Last contact, D, is ob- 
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tained in the same way. It is located in the South Atlantic 
Ocean, in latitude — 211°, and in longitude + 19°. The time is 
12" 52” p. m. Central time, or 6" 52™ (Pp. mM.) Greenwich time. 

Eclipse Begins at Sunrise.—We next locate the penumbra at 
7" 10"; this is the first dotted circle on Fig. II counting from the 
left. It cuts the Earth’s disk in two points, E and F, whose ordi- 
nates, 7, we measure, and from them deduce the latitudes and 
longitudes of the two points on the Earth’s surface in the same 
way that we used for the point B. We must, however, use an- 
other value of «. We then set the penumbra at 7" 20", or at in- 
tervals shorter than ten minutes, and find two more points of 
intersection, which we again locate on our map. We proceed in 
this way until the points on the edge of the Earth’s disk cut by 
the penumbra are no longer getting further apart, or until the 
line joining the two points is a diameter of the penumbra. We 
need not be very careful about our results, as an error of a whole 
degree will scarcely show on the map. Besides, any inaccuracy 
may be removed when the next step is taken, which is to connect 
these points by asmooth curve. This curve is the eastern half of 
the west oval, and is marked on the map as ‘‘ Eclipse begins at 
Sunrise.” It will be found’ plainly indicated on the map given in 
the Ephemeris, and a portion of it may also be seen in our Fig. I. 
It contains the point of First Contact, and grazes the shores of 
Upper and Lower California. 

Eclipse Ends at Sunrise.—We continue to set the penumbra as 
usual for every ten minutes or for shorter intervals. After its cen- 
tre has fairly entered upon the Earth’s disk, the points of inter- 
section will be found to approach continually, and the curve join- 
ing the location of these points on the map is the line upon which 
the ‘Eclipse ends at Sunrise.’’ The eclipse ends, because these 
points are on the rear side of the penumbral circle, and it ends at 
sunrise, because all the points on the western edge of the Earth’s 
disk are just coming into the Sun’s rays. This curve is the west- 
ern half of the west oval. It is not given in Fig. 1, but may be 
found on the Ephemeris map. 

Eclipse Begins and Ends at Sunset.—These curves are obtained 
in a similar manner at the right and eastern end of the Earth’s 
disk, and they together form the two halves of the eastern oval. 
They are plainly visible in our Fig. I and in the Ephemeris map, 
and lie in the South Atlantic Ocean near and partly on Africa. 

The Ovals.—Those peculiar ovals at the west and east ends of 
eclipse charts may now cease to be mysterious: they are the loci 
of the intersection of two circles, the penumbral and the sunrise 
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or sunset circle, each of which has its own direction and rate of 
motion. The central line of the oval will be explained later. 

The ovals for sunrise aud sunset join and run into one another 
when the path of the Moon is at such a distance from the centre 
of the Earth’s disk that the penumbra is never wholly on the 
Earth. Then the lines ‘‘ Eclipse begins at Sunrise’’ and ‘ Eclipse 
begins at Sunset”’ are continuous, and change names at the point 
nearest the pole. 

Thus far we have not made use of the ellipses which we have 
drawn with such pains. Now, however, we shall use them freely. 

Path of the Annular or Total Eclipse.—The determination of 
the positions of points on the Earth’s surface which are situated 
upon the central line of the eclipse, that is, the line over which 
the centre of the penumbra will pass, may be made by inspection 
everywhere on Fig. II except near the edge of the Earth's disk, 
how near must be found by trial. Thus, let us take 8" 30" (point 
H) on the Moon’s path on Fig. II. The latitude, y, of this point 
H is by reference to the ellipses on the diagram seen to be + 23°, 
its hour angle, 7,is about —54°, and since “ is nearly 36° (Ephem. 
p. 415), its longitude, A, is nearly + 90°. Looking at page 416 
in the Ephemeris in the column headed “Central Line,”’ we find 
the latitude + 23° 33’ and the longitude + 90° 26’ given for the 
position of the centre of the annulus and the penumbra at 8" 30™ 
Central time or 2" 30" Greenwich time. Our estimate, therefore, 
is only half a degree inerror. This point is now marked on the 
map. It will be found in Fig. 1 and in the Ephemeris map near 
the centre of the Gulf of Mexico on a line due west of Cuba. We 
next estimate the latitude and hour angle of the point 8" 40" on 
the Moon’s path on Fig. Il. Taking from the Ephemeris the 
value of « corresponding to this time, we can find the longitude, 
and thus locate another point on the central line of the eclipse. 
Other points are determined in a similar way, and a smoothcurve 
drawn through them all. This curve is the ** Path of the Annular 
Eclipse”’ in Fig. 1. It passes through all those points at which the 
eclipse will be central, that is, where the Moon’s centre will ap- 
pear to pass exactly over the Sun’s centre. This path is the most 
important line on the map and is determined by astronomers 
with the greatest precision. 

On page 412 the Ephemeris gives the position of the beginning 
and end and the noon point of the central line on the Earth, that 
is, the position of the two places which are the first and last to 
see the central eclipse, and the one at which the central eclipse oc- 
curs at local apparent noon. The two first are the points R and 
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S and are taken from Fig. I] where the Moon’s path cuts the 
edges of the Earth’s disk, and the third is our familiar point G 
where this path cuts the axis of Y. The points R and S are near 
the points B and D on Fig. If. They never coincide with B and D 
on Fig. II except when the penumbra passes exactly over the cen- 
tre of the Earth’s disk, C. We say on Fig. II, because on Fig. I 
or the Ephemeris map, these points, R and S, are the approximate 
centres of the ovals and on their middle lines, while the points of 
First and Last Contact, B and D, are on their inner branches. 
The reason is because s is different, and because B and D on Fig. 
II recede from the Moon’s path in proportion as it recedes from 
the centre of the Earth’s disk, C. 

The path of the annular or total eclipse which we have just 

determined is in reality only the central line of this path, upon 
which the solar and lunar disks appear to be exactly concentric. 
But there are other points upon which the eclipse will be annular 
or total without being necessarily central, that is, upon which 
the internal contacts of the solar and lunar disks will be visible. 
In order to locate all these we draw two lines on either side and 
parallel to the Moon’s path on Fig. II, separated from it by a dis- 
tance equal to the radius of the positive or negative shadow, 
that is, of the true shadow in a total eclipse, or of the prolonga- 
tion of the shadow cone in an annular eclipse. This radius has a 
maximum value of 0.016 (upon our usual scale of unity for the 
radius of the Earth’s disk) for a total eclipse, and of 0.029 for an 
annular eclipse. In the present annular eclipse, July 29, 1897, it 
is equal to 0.007 or 0.008 (Ephem. p. 415). As this distance is 
almost too small to be visible on our figures (even upon the orig- 
inals, which were drawn to the scale of 1.000, or radius of the 
Earth's disk, = 3,3, inches, and were then reduced to about half 
their size in order to fit them to the pages of PopULAR ASTRONOMY) 
we have omitted the two lines from the diagram. We may, how- 
ever, open our dividers to double this value, estimate its length in 
degrees of latitude and in directions parallel to the meridians at 
various points along the Moon’s path on Fig. II, and then trans- 
fer this estimated value to our map by drawing a band or belt of 
this varying width along the path of the central eclipse. Some 
allowance should also be made, if necessary, for the inclination of 
the Moon’s path to the axis of X. 

The Ephemeris on page 416 gives the position of the centre of 
the negative shadow (that is, of the central annular eclipse), and 
of its northern and southern extremities for every five minutes of 
Greenwich time. These positions are given to tenths of a minute 
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of arc, or almost to tenths of a mile on the Earth’s surface. This 
accuracy is, of course, far in excess of anything obtainable by a 
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graphic process, and we use the latter method here merely as an 
approximation and in order to show the principles of the 
method. 
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Beginning and End of the Partial Eclipse -—We must now de- 
termine the location of points at which the eclipse begins and 
ends at certain definite intervals of time, that is, construct those 
lines which are marked upon the charts as ‘ Begins at 2",” 
‘Ends at 4",”’ and the like. We take the penumbra at every 
hour, or every half hour, or every ten minutes, as we prefer. The 
Ephemeris takes only every hour, but that for the whole Earth. 
We shall take every ten minutes, but confine ourselves to the 
United States, that is, we shall now construct our sectional 
eclipse map mentioned before. For this purpose we have drawn 
the penumbral circle on Fig. II for every ten minutes from 7" 0™ 
to 10" 30", the heavy ci:cles being the hourly positions, the 
lighter ones the half-hourly, and the dotted circles the remaining 
ten minute positions. Let us take the penumbra, for instance, at 
7" 30" (see Fig. II). Its edge cuts the latitude 30° at a point, k, 
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where tT = —54°,and « being 21°,A, the longitude,is 75°. It cuts 
the latitude 35° where 7 = — 58°, hence, « being the same, 
A\=79°. Andsoon. We shall find that this graphic method of 


projecting an eclipse for a whole country will become very inter- 
esting and take less time than we imagined, especially as the 
eclipse lines are developing under our eves and giving us the re- 
sults of our labors immediately. 

In this graphic manner the lines on Figs. IV and V were con- 
They give the times of the beginning and end of the 
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eclipse for every ten minutes for the entire United States. In 
order not to crowd these maps, the names of states and cities 
have been omitted, but this cannot cause any inconvenience. In 
order to find the times of the phases to the nearest minute for 
our own place of residence, we need but estimate its distance 
from the nearest line in tenths of the distance between the two 
enclosing lines on either side. The times given, however, are 
Central Times. Hence, if we live in that portion of the United 
States which is enclosed within the dotted lines marked ‘“ Central 
Time” at the top of the map, we use the times directly as given. 
But if we live to the east of this portion and use Eastern time, 
we must add one hour to the times given on the maps. If we live 
to the west and use Mountain or Pacific times, we must sub- 
tract one and two hours respectively. The division lines between 
the various times are plainly indicated on all the maps. Thus 
the eclipse begins at San Francisco at 5:28 a. M. Pacific time, at 
Denver at 6:26 Mountain time, at St. Loris at 7:28 Central time 
and at New York at 8:47 Eastern time. The eclipse ends at 
these places at 7:9, 8:28, 9:51 and 11:12 respectively. The lines 
marked 0°, 10°, 20°, etc.. on Fig. IV give the Sun’s altitude at 
the beginning of the eclipse. We shall see later on how they 
were obtained. 


ON THE IMPORTANCE OF ACCURATELY OBSERVING THE 
LEONIDS THIS YEAR. 


G. JOHNSTONE STONEY, M.A.,. D.Sc., F.R.S. 


The Leonids, the great November swarm of meteors, is the me- 
teoric stream about which astronomers know most. 

This great body of meteors traverses an immense oval orbit 
which, near its farther apse, crosses the path of the planet Uranus, 
and near its perihelion crosses the earth's path. The meteoric or- 
bit does not intersect the orbits of the intermediate planets, Sat- 
urn, Jupiter, and Mars, owing to the considerable inclination of 
ofits plane. Round this great inclined orbit the meteors glide in 
a stream which lengthens as it moves inwards towards the Sun, 
and becomes shorter during each outward journey. Where the 
swarm passess the Earth it is about 100,000 miles thick, and of 
such a length that, though it travels at the rate of 27 miles a sec- 
ond the great procession takes two years to pass us, and when its 
hinder part is still with us, its front will have reached to between 
the orbits of Jupiter and Saturn. Nevertheless, although so im- 
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mensely long, it extends over only a portion of the circumference 
of its own great orbit, which it takes about a third ot a century 
to traverse. 

The front of this great swarm will next reach the Earth’s orbit 
late in the spring of 1899. The Earth will then be in a distant 
part of its orbit, but in the middle of the following November and 
in November, 1900, it will pass obliquely through the mighty 
stream, and on each of these occasions there will be an astound- 
ing rain of meteors, probably for about five hours, on the whole 
of the advancing side of the Earth. 

Now, when we have regard to the fact that these meteors are 
not visible in outer space, and that we can only, and only for a 
second or two, observe that small proportion of them which hap- 
pen to flash into some part of our small atmosphere, it is truly 
astonishing that it has been possible to gain so much knowledge 
of their movements and history. 

Astronomers may be divided into two classes—chamber astro- 
nomers and observers. Sir Isaac Newton was the greatest of the 
former class, and the late Professor Couch Adams was one of the 
greatest of modern times. To him and to Professor H. A. New- 
ton, of New Haven, we chiefly owe the great discovery. Before 
the visit of the meteors to the Earth in 1866 and 1867, Protessor 
Newton pointed out how to deal with the problem, but it was by 
a process so dificult that it remained doubtful whether any 
mathematician could successfully grapple with it. He also called 
the attention of practical astronomers to a datum which was 
wanted and which could be supplied by observation. Owing to 
his forethought, the requisite observations were made on the 
morning of 1866, November 14, (civil time), and immediately af- 
terwards Professor \dams set to work to employ the material so 
furnished in the way that Professor Newton had indicated. In 
the following May, after five months of arduous labour, he was 
able to announce what the real orbit of the meteors is. 

The Leonids are at present advancing inwards towards the 
Earth. Theycannot be seen, but their position can be calculated, 
and it would be possible to determine to what part of the Earth’s 
orbit they present themselves most endlong. Though not visible 
to the eye, it is quite possible that they may be photographed. 
and we have among us astronomers especially competent to 
make the attempt. 

There is a comet in the track of these meteors. It will reach its 
perihelion before them. All the information about this comet 
which industry can glean from former observations should be 
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thoroughly elaborated and put together in time to make full use 
of it when the comet re-appears; and when that occurs all the ele- 
ments of the comet’s orbit, and, if possible, its apsidal motion, 
should be determined with the utmost precision, to aid in tracing 
whether the comet was once perturbed by the Earth, like the 
stray Leonids seen annually. Whatever knowledge, too, spectro- 
scopic scrutiny would furnish may prove of use. 

A disideratum of special theoretical importance, and one which 
requires that observers should at once be on the alert, is as ex- 
acta determination as possible of the day and hour of apparition, 
and of the path in our atmosphere, of such outlying portion of 
the swarm as may precede the principal stream or follow it by 
one or more years. On the last occasion observations of this 
kind were made chiefly after the great visitation had taken place. 
It is of importance that on this occasion equally full observations 
shall be made in the vears preceding it, 7. e., in the present year 
and in 1897 and 1898. It is desirable that, wherever possible, 
concerted observations shall be made from different stations; 
that they be much more exact than heretofore, and therefore 
made photographically when possible; also, that they shall ex- 
tend to a few days before and a few days after the 14th and 15th 
of November, inasmuch as we do not yet know on what dates to 
expect the advent of the avant-couriers of the principal swarm. 

It is necessary here to keep in view the distinction between real 
advanced members of the great swarm, and mere scattered Leo- 
nids, a few of which are seen every year. The true forerunners of 
the swarm will, presumably, present themselves only within a 
brief definite period of time, extending to something like five 
hours, whereas a sprinkling of sporadic meteors may be met with 
for several days. These stray meteors seem to be meteors near to 
which the Earth chanced to pass in one or other of its transits 
through the swarm, and which were by the Earth deflected a lit- 
tle from the true meteoric orbit. It does not appear that any spe- 
cial use can be made of observations upon these scattered Leo- 
nids.* But accurate observation of the true avant-couriers are 
specially wanted, and the importance of these observations will 
appear from what follows. 

We come now to the chief matter which should be kept in view. 


* There is, however, one notable exception. We have reason to suspect that 
the comet is one of the bodies whose motion was perturbed by the Earth. Accu- 
rate observations of the comet should determine whether this is so; and if it 
prove to be the case, it should be possible further to determine when the catastro- 
phy occurred, by tracing back the comet’s course and the Earth’s till we come to 
a time when they were near to one another. 
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The meteors are not a compact cluster, but drawn out along a 
considerable portion of their orbit. This, as Schiaparelli pointed 
out, is consequent upon their being differences between the peri- 
odic times of the individual meteors. Those that come round 
fastest get ahead, those that have the longest periodic time lag 
behind. Thus the stream is one that is lengthening century after 
century, and we can look back to a time when the whole must 
have been a compact cluster. 

Now there is reason to conjecture that it was in the early 
spring of the year A. D. 126 that this lengthening out of the 
group commenced; for Le Verrier discovered that in the end of 
February or beginning of March of that year the meteors and 
the great planet Uranus were both at the point where their 
orbits intersect—an event which has not happened since. This 
raises a well founded suspicion that up to that year the meteors 
may have been a compact cluster travelling inwards towards the 
Sun; that in that vear they stumbled on this great planet; and 
that it remained long enough in their vicinity to exercise such an 
influence over them as drew them out of their previous course and 
started them in the new orbits round the Sun, which they have 
since for nearly eighteen centuries pursued. If it acted in this 
way the planet would inevitably perturb the several members of 
the group a little differently, so that their new orbits would not 
be precisely the same. If, in consequence of this their periodic 
times vary from a week more to a week less than the mean peri- 
odic time (which mean is about thirty-three vears and a fifth), 
just that extension of the group which we actually observe 
would have had time to develop in the fifty-three revolutions 
that have since taken place. 

It is most desirable that everything that it is possible to do 
shall be done to test this remarkable theory. It seems to be pos- 
sible to test it, for, owing to the perturbation of their elliptic mo- 
tion by the planets, the orbits of the meteors suffer an apsidal 
shift which is easily observed, and which, in fact, retards the 
date on which the great meteoric showers take place by a con- 
siderable amount every century. This is almost wholly owing to 
the attraction of the great planets Jupiter and Saturn. Uranus 
produces a perceptable but trifling effect, and the influence of the 
Earth and the other planets is insensible. Now it so happens 
that the periodic time of the meteors is related in a very remark- 
able way to those of Jupiter and Saturn, being nearly nine-eights 
of the periodic time of Saturn, and still more nearly fourteen-fifths 
of the periodic time of Jupiter. Accordingly, in the fifty-three 
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revolutions of the meteors which have taken place since A. D. 
126, Saturn and they have six times repeated somewhat similar 
cycles of relative positions, each, moreover, of a very special 
character; and Jupiter and they have ten times repeated almost 
exactly the same cycle of relative positions. Now, where simple 
numerical relations ot this kind subsist, the situation of a meteor 
along the orbit—viz. whether it is near the head or the tail of the 
meteoric stream, still more if it be an outlying meteor in front or 
behind—is likely to have an appreciable effect on the apsidal shift 
which its orbit suffers. It is, therefore, of great importance to 
determine whether any such differences between the apsidal shift 
of meteors variously situated can be observed, in order that the 
observed amounts may be compared with those calculated on the 
supposition that Le Verrier’s hypothesis is true. If the calculated 
aud observed amounts accord, Le Verrier’s hypothesis will be 
proved; if they do not accord, it will be disproved; in either case 
we shall know more about the history of the meteors than we do 
now. 

Hence the great importance of this year commencing the task 
of determining the exact radiant points of different portions of 
the swarm, and the approximate times of their apparition in our 
atmosphere, so as to furnish to mathematicians the requisite 
data for their calculations. In this work it is obvious that eye 
observations should, as far as possible, be replaced by photo- 
graphs.*—Monthly Notices, Vol. 56, No. 9. 


“ACCIDENT COMETS;” PERSISTENCE OF VISION; UNUSUAL 
PHENOMENON; CLEAR NIGHTS AT THE 
LOWE OBSERVATORY. 


LEWIS SWIFT. 


For POPULAR ASTRONOMY. 


Mr. Ritchie’s interesting account of the discovery of the Perrine 
and Perrine-Lanip comets while very singular is, yet, not without 
parallel. That two comets moving in opposite directions should 
pass, apparently, so near each other is indeed strange, but I well 
remember the very close approach of two comets in the year 
1890: on Nov. 15, Professor Zona discovered a comet in Auriga; 


* A popular account of the discoveries made in connection with the last visit 
of the November meteors will be found in the Journal of the Royal Dublin Society 
of 1869, April 3, and in the Proceedings of the Royal Institution of 1879, Febru- 
ary 14; and appended to it there is a list of the original memoirs in reference to 
the advances which were then made. 
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on the 16th Professor Spitalar setting his telescope for Zona’s 
comet was amazed to behold two comets instead of one so near 
together as to be held within the same field of the telescope, and 
yet, as in this later instance, moving in contrary directions. 

It seems to me that Wells’s comet hardly comes within the list 
of ‘accident comets”’ simply because bidden by his chief to find 
such a body. It is the aim of every comet seeker, and weeks, 
months, or, more probably vears of persistent search are usually 
crowned at last by success, but such a find could not with propri- 
ety be called an accident. 

My own discovery of a comet in 1895 was a strange one. 
Among my newly discovered nebulz at Rochester, N. Y., was one 
whose place, owing to the breaking of the driving clock cord, 
I could not at the time accurately determine, so, one morning, 
setting the telescope by the circles, 1 put my eye to the glass and 
lo! a new comet was in the field. It is not easily possible to think 
of anything more fortuitous than that. It is as if a blind man 
were to fire a gun into the air and bring down a bird. 

On another occasion, in some former year, I had searched from 
nightfall to dawn for four consecutive nights, until, weary indeed 
with watching, I would sleep and dream and waken and gaze 
alternately. But at the end of this period, about a half-hour be- 
fore daylight, teeling somewhat disheartened, left the telescope, 
but,sleepy as Iwas, a small area of sky unswept for weeks caught 
my eve, and L turned my glass thither, and in less than five min- 
utes I had found comet a 1878. This comet was observed and its 
elements, which were decidedly parabolic, computed by Dr. Peters. 

In 1862, having read in the New York Times of the discovery of 
a bright and rapid moving comet northeast of the north star I 
that evening essayed to find it which I did readily, as I supposed. 
It was an interesting one having with the exception of Donati’s 
(1858) and Tebbut’s (1861) the longest tail I had ever seen in the 
telescope. It soon disappeared behind a building. I made no 
announcement of the observation save to remark to my neigh- 
bors that I had seen the new comet, but some four days subse- 
quent the same newspaper told of the finding of another comet 
northeast of the northstar by Tuttle, which was the one, the 
‘‘accident’’ discovered by myself two days previous. The con- 
founding of the two was a very natural mistake. A computa- 
tion of its orbit showed its elements to be almost identical with 
those of the star-shower of August 10, marking the comet as a 
very extraordinary one. Besides this, it was a periudic with per- 
iod of 123 years, but, notwithstanding all these peculiarities, 
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astronomers habitually allude to it as, simply, comet III, 1862. 

One evening during the first year of our joint work on Echo 
Mountain, my son was at the great glass searching the west for 
nebulez, while I was outside the Observatory engaged in comet- 
seeking. Finding a suspect in the southwest, I repaired to the 
large telescope for better examination of the object found, but, as 
it was only a nebula, went again to my quest while he, leaving 
the telescope very nearly where I had used it, resumed his work 
and a few minutes later whistled for me and together we watched 
an undoubted comet which soon showed motion, not only, but 
also revealed a faint, short tail. This proved to be the long lost 
DeVico comet of 1844, lost for fifty-one years although its period 
of return is but little more than 5% years. 

As not entirely inappropriate in this connection, I recall a per- 
sonal family incident which has always seemed to me a singular 
coincidence at least: One of my young sons, a little boy of five or 
six years, in saying his evening prayer one Saturday night, omit- 
ted his week old petition for a velocipede, because he thought Sun- 
day not the proper day for its bringing, and substituted for this 
request a prayer that God would help papa to find a comet that 
night, and his faith certainly was strengthened by the announce- 
ment next morning that a comet had been discovered while he 
had slept. 

For several evenings about the middle of June, 1895, the visible 
sky was jeweled with all the planets save one. One night, setting 
my comet-seeker on Uranus which I could not see with my naked 
eye, I, within the space of a half minute, saw the Moon, Mercury, 
Venus, Mars, Jupiter, Saturn and Uranus, or all the major plan- 
ets save Neptune. It was an unusual and interesting spectacle to 
behold them all in one quadrant of the sky—a sight not often wit- 
nessed. 


A late experience of persistence of vision is worth recording be- 
‘ause it may serve to explain some observations reported by the 
users of inferior telescopes: After an examination of the astro- 
nomical maps, published by the Society for the Diffusion of Useful 
Knowledge, which at the equator are ruled into squares repre- 
senting degrees, I placed my eye to the telescope and saw the en- 
tire field of the glass, equal to $2’, rulcd into squares correspond- 
ing to those of the map, and, more than this, the stars with their 
names were seen, the retina having held them captive. As I have 
frequently consulted these maps, without such result this extra- 
ordinary vision was unlooked for, though, subsequently, after 
stopping to examine a record in a pass-book, I saw the leaf with 
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its rulings in field with as much distinctness as on the book 
itself. May this not account for the seeing in small telescopes of 
the canals of Mars after observers under bright illumination have 
studied the map of Schiaperelli? And may not this same persis- 
tence of vision apply to the doubtful phenomena of the Moon and 
Jupiter and the rings of Saturn ? 

I subjoin weather observations begun on December 24, 1895. 
Many of the cloudy and nearly all of the partly cloudy days were 
followed by clear nights. 


Clear Days Inches of Rain 
December, 16 1.35 
January, 14 2.85 
February, 21 0.10 
March, 10 4.16 
April, 18 0.60 
May, 20 0.30 
June, 26 0.00 
July, 28 0.10 


Total precipitation in 712 months, 9.46 


May, clear nights, 26 
june, “ 29 
30 


Flowers bloom during most of the year, and frosts in winter 
are infrequent and light. 
LOWE OBSERVATORY, 
Aug. 10, 1896. 


MEASUREMENT OF CLOUD HEIGHTS AND VELOCITIES." 


The study of the form and motion of clouds has been a fatour- 
ite subject with meteorologists and physicists from the earliest 
times. Among the first works, since the invention of printing, 
may be mentioned one by J. Alkindus (Venice, 1507), dealing with 
clouds in general, and one on the height of clouds, by J. Bernoulli, 
‘‘Nova ratio metiendi altitudines nubium” (Lipsiz, 1688). But 
it is only during the last quarter of a century, since it has been 


recognized thatcyclones and anticyclones form part of the general 
circulation of the atmosphere, that the importance of a systema- 


tic study of the upper air-currents by means of clouds has been 
fully appreciated. For this purpose various methods, both with 
and without instruments, have been employed. In 1878 the 


* “WolkenhGhenmessungen,”’ von E. Kayser (Schriften der Naturforschenden 
Gesellschaft in Danzig, 1895); *‘Des principales méthodes employées pour obser- 


ver et mesurer les nuages,’’ par H. H. Hildebrandsson et K.L. Hagstrém (Upsala, 
1893.) 
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Meteorological Council decided upon undertaking a series of ex- 
periments at the Kew Observatory, with a view of obtaining rec- 
ords of the height and velocity of clouds, by means of photogra- 
phy, for which purpose cameras fitted with theodolite mountings, 
and provided with altitude and azimuth circles, were used. The 
results of subsequent investigations, in which the exposure of the 
plates was effected by electrical means, were published in the Pro- 
ceedings of the Royal Society, vol. xlix, p.467. In vol. viii, p.108, 
of the American Meteorological Journal, Mr. Rotch gives an ac- 
count of the measurements of cloud velocities at Blue Hill Obser- 
vatory, Massachusetts, by timing the movement of shadows 
cast by the clouds at points whose distance apart was known. 
During the present year, owing to the action taken by the Inter- 
national Meteorological Committee, cloud observations are being 
made in all parts of the globe, and instructions for the use of spec- 
ial instruments have been drawn up, at the request of the Com- 
mittee, by Dr. Hildebrandsson, of Upsala. The majority of sta- 
tions, if they use instruments at all, restrict themselves to the use 
of simple nephoscopes, which give the direction and apparent 
velocity of the clouds, by means of a mirror and graduated cir- 
cles; in these instruments the observations are not influenced by 
the effects of perspective, which are the same in the sky and in 
the mirror. At some of the principal Observatories theodolites 
and photogrammeters are being used. Each of the last two 
methods has its advantages and disadvantages; theodolites are 
simpler and cheaper, while photogrammeters require a certain 
amount of skillin photography. The theodolite requires the two 
observers—each placed at one end of the measured base—to agree 
by telephonic correspondence on one fixed point in the cloud, 
which it is not always easy to do, as well as on the precise instant 
at which the observation should be taken; the calculation of the 
observations is subsequently made from trigonometrical formule, 
or by a slide-rule, or plotting machine. The photogrammeter, 
which is a theodolite provided with a small telescope and a cam- 
era obscura, possesses One great advantage from the fact that the 
two observers have no need to agree as to the special point to be 
observed ; it is sufficient that both photograph the same part of - 
the sky at the same moment. On each photographic plate the 
coérdinates of a point of intersection are known, and by placing 
it upon a glass scale graduated to millimeters the codrdinates ot 
as many pointsas may be desired can be fixed ; it is only necessary 
to determine, once for all, how many minutes correspond to a 
millimetre on the plate. Once the coérdinates are found, the cal- 
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culations can be made as in the case of the theodolites. As these 
researches require the calculation of a great number of observa- 
tions, it is indispensible that the methods employed in reducing 
them should be as simple as possible. This desideratum has been 
solved by M. Akerblom, in a very satisfactory manner, in a pam- 
phlet entitled ‘‘De l'emploi des Photogrammeters”’ (Upsala, 
1894), which has been distributed by Dr. Hildebrandsson to in- 
tending observers. Easy methods of reduction, giving approxi- 
mately correct results, have also been devised by General R. 
Strachey and Sir G. Stokes. 

We have before us a valuable investigation by Dr. Kayser, con- 
taining some 1500 cloud measurements made under the auspices 
of the Philosophical Society of Danzig, between May and August 
1895, by means of photogrammeters. In various respects the 
camera used appears to be an improvement on some of the in- 
struments hitherto adopted, being of simple construction, well 
balanced, and combining ease of movement with necessary rigid- 
ity, while the altitude and azimuth circles are sufficiently large to 
admit of accurate reading. The accompanying plates are repro- 
ductions of a pair of photographs of a cumulus cloud observed 
by this means on May 25, 1895. The mean height of the cloud 
from several measurements was found to be 1714 metres, the dis- 
tance between the two observing stations being about 679 metres. 
In order not to delay the publication of the Society’s volume, no 
classification of the heights of the various clouds has been made; 
but in the Meteorologische Zeitschrift for May, Dr. Sprung has 
attempted this, and finds the mean values in metres to be as fol- 
lows :—Stratus, 1704; cumulus, 2866; strato-cumulus, 2196 ; 
alto-cumulus, 4098 ; cirro-cumulus, 6834; cirrus, 10,043. The 
daily variation of altitude cannot be deduced from these observa- 
tions, because they were not distributed sufficiently uniformly 
throughout the day. Dr. Kayser’s work contains useful mater- 
ials for the study of observers during the international cloud 
year, and we are glad to see that the observations are to be con- 
tinued thissummer. (Nature, July 23, 1896.) 


THE MOON.—V. 


WM. W. PAYNE. 


Those interested in reading this series of brief papers on the 
Moon are referred to volume I, page 16, for first part, which gives 
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a historical sketch of early lunar studies and outlines the plan of 
subsequent papers. Part second, page 289, same volume, contin- 
ues the historical sketch to the time of Ptolemy. Accompanying 
these two parts are three fine plates; two from photographs tak- 
en at Goodsell Observatory in 1893, and a third is from a photo- 
graph with an exposure of 8" 12" taken in 1891 at Lick Observa- 
tory which shows the region in the vicinity of the Apennine Moun- 
tains. On the original negatives the detail shown is very great, 
and although these negatives were all copied twice and some of 
them more times, the loss of detail was unexpectedly small. A 
photographer knows that hecan nevercopy a negative and repro- 
duce all the detail of the original plate. In the nature of the case 
something must be lost, and it is likely to be just that part in 
which the astronomer is most interested, because of weak im- 
pression on the original. In making his exposure of the sensitive 
plate, the astronomer has carefully considered all circumstances 
that will favor the production of a picture that will be clean and 
sharp, and that will bring out all the minute features of the re- 
gion under study which his sensitive plate can possibly grasp 
when working at its best. And he gets usually considerable more 
than he can reproduce even by the best methods known to the 
modern engraver. Although very good, these plates referred to 
above are no exception to the rule in the loss of some important 
things which will be referred to in particular further on. 

The third part is found in volume II, page 68, and treats of the 
Moon’s orbit as related to the path of the Earth, its shape and 
size, the Moon’s distance from the Earth and its size; librations, 
eclipses and other phenomena dependent on its motions relative 
to the Earth and Sun. 

The fourth part begins on page 176 of volume III and intro- 
duces the study of the surface formations by a reference to that 
which may be seen by the naked eye, on any clear night, when the 
Moon has reached the phase of the first quarter or later. By the 
aid of the telescope it is readily seen that these great markings 
on the lunar surface are high plateaus, peaks, ridges, streaks, val- 
leys, depressions and walled plains and that they are full of inter- 
esting and greatly varied details which may be definitely mea- 
sured, and further studied in regard to shape and color, as the 
sunlight falls on them at different angles of depression. After 
briefly considering the quantity and quality of moon light as 
compared with that of the Sun, the fourth part closes with a 
reference to the structure of all these various formations which 
had been outlined. If the nebular hypothesis be true, the ques- 
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PHOTOGRAPH OF THE MOON TAKEN WITH THE 8-INCH TELESCOPE AND ENLARGING LENS 
AT GOODSELL OBSERVATORY, OcT. 18, 1894, 1! 9" AL M., BY D. L. STEWART. 


| Potal diameter of enlarged image, 7 inches. | 
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tion was asked, how are weto think of, or account for, the present 
condition of the Moon with a cold, rocky surface, destitute of air, 
water, vegetation, and all forms of life as we know them on the 
Earth? To pass from an incandescent and self-luminous condi- 
tion like that of the Sun, ages ago, to that of a dead, lifeless, 
frigid rock, possibly in the last stages of its world history, is a 
stupendous change in the form of matter which seems to run 
throughout the whole range of known, physical condition and 
probably very much more; because only a small part of what is 
seen of these wonderful formations by the telescope, is vet fully 
and satisfactorily explained to the mind of the skilled observer. 
In view of this, it is certainly proper to ask why so little is defi- 
nitely known about the surface structure of the Moon when so 
much can be seen at favorable advantage? The best way to an- 
swer this general query and many other particular ones that 
come under it, is to begin a careful survey of the three photo- 
graphs already published, continue it with the one accompanying 
this part, and also with other photographs that will accompany 
other parts still to be published. 

A good place to begin is in the region of the Apennines and 
Copernicus and Kepler which are best shown in plate XVI, facing 
page 289 of volume I of this publication. The Apennine range 
of mountains is more like those of Earth than other ranges on 
the Moon generally. It is about 640 miles long extending nearly 
southeast and northwest in direction, with steep side towards 
the northeast,and more gradually sloping to the southwest. The 
highest points in this range reach an elevation of nearly 20,000 
feet, with a general elevation of nearly 10,000 feet for the adjoin- 
ing highlands that stretch off more than 200 miles on the south- 
west side, with gentle slope until they reach the borders of the 
Sea of Vapors, so-called, which is a broad valley running parallel 
to the mountain range, and extending its whole length until it 
seems to have been filled up by the eruptive material from Coper- 
nicus that has built a great plateau around that wonderful 
mountain for hundreds of miles in every direction. It is a little 
beyond the southeastern excremity of the Apennine range and is 
one of the grandest craters on the Moon. It is fifty-six miles in 
diameter with a double headed central mountain within whese 
height is 2,400 feet. The summit of the ridge which forms the 
crater rim is nearly circular and rises about 11,000 feet above the 
bottom. On the inside, the walls of the great basin are distinctly 
terraced which is, at least, very suggestive as to the origin of the 
crater formation. On the outside, the walls are ridged. all more or 
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less radiating from a center, though divided into branches consid- 
erably. From the base of the wall these ridges extend out direct- 
ly and are easily followed, while others are broken up somewhat 
or separated from it by valleys. It is especially noticeable that 
further away the ridges are concentric and parallel to the walls, 
being sometimes crossed also by the radiating ones just men- 
tioned. This outside region is one of much interest on account of 
the minute details further observed by the aid of the telescope in 
the use of higher magnifying power. It is at once seen that the 
surface of the surrounding plateau is all covered over with min- 
ute craterlets; in places they are so many and so small as to 
make distinct observation of them impossible with the higher 
powers. In one direction, a great number of blackish points have 
also been observed which come out favorably in the presence 
of high light. If we add to these singular details the curious 
cloud of white streaks spread all over this region from the walls 
of Copernicus as a center, we have one of the most beautiful and 
interesting and intricate themes of study that can claim the at- 
tention of the best scholarship in lunar astronomy. If we go 
still further in the same direction, to the southeast from Coperni- 
cus, and look at Kepler and its surroundings, a maze of import- 
ant things will be seen which furnish abundant illustration for 
study and theoretical consideration. 

This region, including the Apennines, Copernicus, Kepler and 
the great valleys around them, has been chosen first, instead of 
any other, because it is typical in containing examples of the 
great formations of lunar surface not elsewhere seen in so favor- 
able relation. 

Without further description of particular objects in this region, 
is it now desirable to form some idea of the origin of the Moon 
as related to other bodies in the solar system, and, if possible, to 
gain some knowledge respecting the formation of all the various 
marking so easily visible everywhere on its surface. 

In the first place it will be remembered from elementary reading 
that the density of the Moon as a whole is a little more than six- 
tenths of that of the Earth, which seems small in amount at first 
thought, but which is not at all surprising or inconsistent with 
the theory that it once was part of the same mass with the 
Earth; for if this was true, according to the nebular hypothesis, 
the matter now forming the Moon was probably in the outer por- 
tion of the mass of the parent nebula at the time of separation, 
and therefore very naturally would be of less specific gravity than 
the average of the original mass. If we add to this the fact that 
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the average density of the Moon now is somewhat greater than 
the average density of the rocks that compose the surface of the 
Earth, also the wider general fact that the density of satellites in 
the solar system is less than that of their respective primary pla- 
nets, the coincidence of relation in this particular becomes strik- 
ing and very suggestive in pointing to a common origin. 

Another significant thing is, the relation between the Earth and 
the Moon which holds the same side of the Moon toward 
the Earth continually. Although the Moon revolves on its axis, 
its time of rotation and revolution are very nearly identical. 
This fact would seem to suggest that the Moon in its present con- 
dition lacks symmetry in figure or density or both, and that this 
state of things arose in consequence of the mutual attractions of 
the two bodies when both were more or less in nebulous or plas- 
tic condition and were probably much nearer together than at 
present. The same relation exists between other planet-moon 
systems, and, very strikingly so in the case of Mercury and Venus, 
as related to the Sun, which was Schiaparelli’s wonderful discovery 
only a few years ago. It seems fair to assume from these facts, 
that what holds true with regard to the origin of the two inferior 
planets, Mercury and Venus, in relation to the Sun, also holds 
true of those satellites to their primary planets whose rotation 
time can be definitely observed and is known to conform to the 
same general law of motion. 

Now, if the planets and their satellites have a common origin, 
as indicated by the nebular hypothesis, and as seems very proba- 
ble, we ought to expect that the surfaces of all the bodies of the 
great solar family, including the Moon, would have some general 
marks of similarity which would very strongly point to this com- 
mon origin; and this is true in many particulars. We ought to 
expect mountain ranges in the Moon, we ought to see great val- 
leys, and the effects of volcanic activity, and we do see them all. 
But the main trouble in carrying out the analogy between the 
Earth and the Moon in regard to surface markings comes when 
we think of the size of the craters, so-called, the height of the 
mountains, the great systems of streaks, the walled plains, the 
froth craters, the blackish dots, the deep, sharp crevaces, the color 
of moon light and the amount of it and other related questions 
without number. In the study of these things the photographs 
will help us only a little, for it is not possible to give by them the 
the variety of details which the trained human eye will get by 
the aid of a powerful glass in times of favorable observation. 

We will take up some of these questions next time and present 
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another photograph of the Moon, to be studied in connection 
with the one accompanying this part, and we will do so especially 
with reference to the region to which we have now called partic- 
ular attention. 


PRACTICAL SUGGESTIONS. 


THE TWILIGHT. 


ORRIN E. HARMON. 


For POPULAR ASTRONOMY. 


No feature of the heavens is more familiar to us than the twi- 
light. Its‘regular occurrence makes it so commonplace that, to 
many, it is devoid of any interest save in the quiet appearance 
nature seems to wear. There is something in the twilight hours 
that makes this interval the time for cheerful contemplation; and 
this pleasure comes alike whether the daylight is approaching or 
departing. However, I shall leave the fanciful aspect of the twi- 
light to those who wish to revel in its poetry, and shall consider 
the subject from a purely astronomical point of view. But the 
astronomical view of the twilight is not lacking in poetry. Onthe 
contrary, many beautiful laws govern its phenomena, and these 
laws are ideals of simplicity. In this paper I shall notice the 
points of chief interest, give the development of the more impor- 
tant formule, and prepare the reader for a clear understanding 
of the twilight tables which will follow. 


GENERAL PRINCIPLES. 


It is well known that the twilight begins in the morning or 
ends in the evening when the Sun is 18° below the horizon, or the 
Sun’s zenith distance is 108°. The Sun’s place, whether taken in 
zenith distance or the hour angle from the meridian, at the begin- 
ning of twilight in the morning or ending in the evening, may be 
called the ‘‘ twilight limit.” 

The hour angle at the twilight limit can easily be found when 
we know the latitude of the place and the Sun’s declination. If 
A denote any angle of a spherical triangle, a the opposite side, 
and b and c the bounding sides of the angle A, then by trigonom- 
etry we have 


sin (S —hb)sin(S — c) 
sin b sinc 


In this formula S denotes the half sum of the three sides of the 
triangle. 


q 
J 
=, a . 
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Applied to finding the Sun’s hour angle at the twilight limit, we 
have b = co-latitude, c = co-declination, and a = 108°; and by 
making the proper substitutions, the above formula becomes 


sin(54° ! sin (54° °) 
In this formula, g = latitude, and 6 = declination, according 
to the common notation. 

The above formula supposes 6 positive—-that is the declination 
2 
must be used, as will clearly be seen by substituting — 6 in form- 
ula (1). This formula will give us A, or the Sun’s hour angle at 

the twilight limit. 
Now denote the Sun’s hour angle in the horizon by B, and we 
have the familiar formula, 


(1) 


sin; A= 


north. If 6 is negative, or the declination south, then 


cos B = — tan ¢ tan 6. (2) 


This formula determines B, or the Sun’s hour angle from sunrise 
tillnoon. If we let t represent the hour angle of twilight dura- 
tion, then 


t=A—B. (3) 


This formula gives us the duration of the twilight. 
Instead of using formula (1) we may use the formula 


cos a— sin msino 


cos A = (4) 
cos cos 0 
where the terms have the same meaning as before. Also 
cos b — sin w sin 6 i 
cos B = (5) 


cos cos 


But since B = Sun’s zenith distance when the Sun is in the hori- 
zon and this zenith distance is 90°, the last formula becomes 
—sin msin 6 
cos B= =—tan ¢tan 4d, the same as formula (2). 

cos y cos 6 
—cosa 
If we subtract (5) from (4), we have cos B— cos A = —————. 
cos ycos 6 
and by trigonometry this last equation may be factored, and be- 


comes this: 2 sin + B) sin (A — B) =— Re- 
2 2 cos wy cos 6 
membering a = 108°, we have cos a = sin (90° — a) = sin 18°. 


Put 18° =m. The above equation becomes, 


| 
| 
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2 cos pcos 6 sin ; (A + B) sin 5 (A — B) = sin m (6.) 
From equation (6) we obtain 
cos (A + B) sin (6a.) 
which shows that for a given latitude the continued product of 


cos 6, sin 5 (A + B), sin = (A —B) =aconstant. When A and B 


are found, the last equation gives us one method of proving the 
correctness of A — B, or of t, the twilight duration. 
When we subtracted (5) from (4) we obtained 


cos cos 
At the equinoxes B = 90°, and cos B= 0°. Also cosé = 1, 


cos B— cos A = 


COs a 
Then the above equation becomes cos A = ; 
cos p 
But t = A — 90° = — (90° — A). Wherefore 
cos a sin 18 
sin t = ——,, or sin t => 
COs cos 


remembering A is greater than 90°. 


Formula (7) is the formula for finding the twilight duration at 
the equinoxes. 


THE LONGEST AND SHORTEST TWILIGHT. 


Because the longest twilight falls at the summer solstice when 
the days are longest, it is supposed by many that the shortest 
twilight falls at the winter solstice when the days are shortest; 
or by anology of reasoning, this should be true. A consideration 
of formula (6a) enables us to find the time of the longest twilight, 
and to fix the limits within which the shortest twilight must 
occur; and this latter determination shows that the shortest 
twilight can not fall at the winter solstice. 

In formula (6a) put Pome =h. Then from this formula we 
h 


have sin 5 (A — B) = 1 
cos 6 sin 3 (A + B) 


Since is constant 


for a given latitude, it follows that sin . (A — B) will be a maxi- 


mum when cos 6 sin 5 (A + B) is a minimum; or t will be a max- 


mum under the same conditions. 


| 
| 
| 
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Also sin} (A — B) will be a minimum when cos 6 sin 5 (A + B) 


is a maximum; ort will be a minimum under the sameconditions. 
With these principles understood, let us examine formula (6a). 
At the equinoxes we have d=0,and cosé=1. Also B=90° and A 


is greater than 90°. Hence 5 (A + B) must be greater than 90°. 
As the Sun increases in north declination, both A and B increase; 
hences(A +B) must also increase. But sin H(A +B) will diminish ; 
and as 6 increases in north declination, cos 6 must diminish. 
Therefore cos é sins (A + B) will reach its minimum when the 


Sun’s north declination is highest which is at the summer solstice. 
Then t, or the twilight duration, will be a maximum. 
As the Sun increases in south declination, cos 6 will diminish, 


and sin 5 (A + B) will increase until (A + B) = 90°. Then,sin 
: (A+ B)=1. After this maximum value of sin : (A + B) is 


reached, 5 (A + B) is less than 90°, and it continues to diminish 


with the Sun’s increasing south declination. Therefore from the 


time 5 (A + B) = 90° until the Sun reaches his highest south 


declination, both cos 6 and sin D (A + B) must simultaneously 


diminish; and the second minimum value of their product will be 
attained at the winter solstice. 


Now since cos 6 diminishes in value either side of its maximum 


value at the equinoxes, and sin 5; (A + B) increases until the in- 


creasing Sun’s south declination makes ; (A+ B)=90°, it clearly 


follows that between the equinoxes and the time when : (A + B) 


= 90°, cos 6 passes from 1 toa less value, while sin 5 (A+ B) 
passes from a less value to 1. There will, therefore, be a time 


when cos 6 and sin 5 (A + B) will be equal or very nearly equal 


in value; and this time will be sometime between the equinoxes 
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and the time when 5 (A + B)= 90°. At this time, cos 6 sin 5 
(A + B) will be a maximum, and ¢, the twilight duration a min- 


imum. This conclusion is based upon the simple principle that 
when the values of two variable factors lie between the same lim- 
its, the product of these factors is a maximum when their values 
are equal, or as nearly equal as possible. 

The foregoing analysis of formula (6a) clearly shows (1) that 
the shortest twilight occurs when the Sun’s declination is south; 
(2) that the shortest twilight can not occur at the winter sol- 
stice, but must fall sometime between the equinoxes and the time 


when 5 (A + B) = 90°. The latter limit is reached when the Sun, 


at the middle of the twilight, is on the six o’clock hour circle. Of 
this I shall speak later. 

I wish now to develop the formule by which we can find the 
twilight duration and the Sun’s declination when the twilight is 
shortest. 


Equation (2) gave us t= A— B. Wherefore 
A=B+t, and cos A = cos B cos t — sin B sin t. (8.) 


But cos A om ?. cos B = — tan 6 tan g, and 
cos 6 cos 

sin B=¥1—tan? 6 tan? gy. Making these substitutions in (8), 

putting cos *é = 1 — sin ‘6, and remembering sin = tan 6 cos 6, 

we obtain by transformation, etc. 


(1 — cos t) sin sin 6 — sin m= sin t ycos?y —sin*6. (9) 
Now put sin 6 = x, (1 — cos t) sin g = a, sin t = hb, and cos*¢=c. 


Then equation (9) becomes ax — m= byc— x’. Solving the last 
equation we obtain 


am+ by(a’? + — 


This equation gives the value of x, or sin 6, when the latitute, 
and twilight duration are known. Equation (10) is the funda- 
mental equation from which we are able to derive the desired 
formule. 

Equation (10) gives two values for sind, for a given value of t 
and ¢. But when the twilight is shortest, it is evident there can 
be but one value of sind. For this to happen, the radical part of 
equation (10) must vanish, and then we will have (a?+ b?) c=m?’, 
If we restore the values of a, b and c, we have 


= 
| 
| 
= 
| 
3 
| 
7 
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4 5 t cos* (1 — cos *¢ sin’ 5 t) = (11.) 


Put cos ¢ sin 5 t=cos y. Then equation (11) becomes 4 cos *y 


sin*y =m’; and 2cosysiny—m. But 2cosysin y=sin 2 y. 
Wherefore sin 2 y=sin 18° and 2 y= 18° or 162°. Therefore 
y=9° or 81°. Since cos ¢ sin t = cos y, sin t 
But as we have two values of y, it remains to determine which 
value of yis to be used. As y is found to be a constant, this de- 


termination is not difficult. If we take y at 9°, then for any lati- 


tude higher than 90°, sin 5 t will be greater than unity — a result 


manifestly absurd. If y be taken at 81°, then sin 5 t will be less 
than unity for any latitude as high as 81°. At this latitude, 

sin ¢=1, ors t=90°=6hours. Above latitude 81°, sin 
will be greater than unity, which shows, t will not have a differ- 
ent value. Taking the latter value of y, the formula becomes, 


81° 
sin 5 t= —— =" But since cos 81° = sin 9°, we have 
sin 9° 
2. 
sin t oon (12.) 


and this is the formula for finding the twilight duration when 
twilight is shortest. 

It has already been stated that when the twilight is shortest, 
equation (10) gives but one value of sin 6. Then the radical part 
of the equation disappears, as shown above, and the equation 


. am sin ¢ sin m 
becomes sin 6 = _, 2= : , When the values 


(1—cos’¢ sin’ t) 


of a and b are restored. But since cosy sin; t = cos 81° or 


sing sinm sing sin18° 
sin 9°, we have sin 6 = 
2 sing sin 9° cos 9° 
2 cos’ 9° 


sin 6 = sin ¢ tan 9° (13.) 


= sing tan9°. Wherefore 


and this is the formula for finding the Sun’s declination when the 
twilight is shortest. As above shown, this declination is always 


{ 
| 


| | 
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south, when ¢ = 0, then 6 = 0, that is, at the equator, the twi- 
light is shortest at the equinoxes, a conclusion manifestly true. 

At latitude 81°, formula (13) becomes sin 6 =sin 9°. Or the 
Sun’s declination is 9° south. At latitude 81°, perpetual day 
reigns when the Sun’s declination is 9° north. Hence, when the 
Sun’s declination is 9° south, the Sun’s midnight depression is 
18°; and the shortest twilight at this latitude occurs when con- 
tinuous twilight through the night is just beginning. Then we 
found under formula (12) that 5 t = 6 hours; which means that 
itis 12 hours from midnight till sunrise. This interval is from 
midnight till noon. Evidently the Sun appears at the south 
point of the horizon, at noon, in latitude 81°, when the Sun's 
declination is 9° south. When the Sun’s declination is more than 
9° south, there is no twilight at midnight, and the twilight limit 
increases either side of the midnight hour, as the Sun’s south dec- 
lination increases. Also the twilight continues from the twilight 
limit through the rest of the day; for while the Sun is ranging in 
declination between — 9° and — 23° 27’, he is always less than 
18° below the horizon at his south transit over the meridian. 
Certainly, then, there will be less twilight while the Sun is rang- 
ing in declination between — 9° and — 23° 27’, than when his 
declination is — 9°. How then can we say that the shortest twi- 
light in lat. 81° is when the Sun’s declination is — 9°? 

This question is easily answered if we will remember that by 
the twilight duration is meant the interval between the time 
when the Sun is 18° below the horizon and sunrise or sunset. If 
therefore we are in a latitude at which the Sun cannot rise 
on account of his position in declination, the forgoing form- 
ulz cease to apply. When the Sun’s south declination is more 
than 9°, the Sun cannot rise at latitude 81°. When the Sun’s 
declination is less than 9° south, the Sun can rise, and there is 
continuous twilight through the night, until his declination 
reaches + 9°, when the reign of perpetual day begins in latitude 
81°. Practically speaking, the formulz for the shortest twilight 
have no useful application for a higher latitude than 81°. 

Formula (7) gives us sin t = as ,—by which ¢t is found at 
the equinoxes. If g = 0, thent=—18°. Formula (12) gives us 
sin Again putting ¢—0, we have t = 9°,or t=18°, 
the same as before obtained. That is at the equator, the short- 
est twilight is an are of 18°. 
(TO BE CONTINUED.) 
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THE PLANETS AND CONSTELLATIONS FOR SEPTEMBER. 


Mercury will be evening planet during September and will be visible to the 
naked eye during the middle two weeks of the month. The planet will be at its 
greatest distance east from the Sun, 26° 43’, Sept. 13 at 4" a.M. One must look, 
a litcle to the south of west, near the horizon about half an hour after sunset in 
order to see Mercury at this time. The first magnitude star Spica (@ Virginis) 
will be in the same region of the sky, and of about the same brightness. Mercury 
will pass by Spica, a little over a degree south of the star, on the 19th. The 
Moon will pass Mercury on the morning of the 9th. 


[ee 
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APPARENT PATHS OF MERCURY AND VENUS IN VIRGO DURING SEPTEMBER. 


Venus is also evening planet and in the western sky witk Mercury and Spica. 
Venus is so much brighter than the other two, however, that no mistake can be 
made in recognizing this planet. Venus at first will be the most westerly of the 
three but, moving more rapidly east ward, will pass Spica on the 23rd and Mercury 
on the 24th. On the latter date Venus will be about four and a half degrees north 
of Mercury. The accompanying diagram shows the apparent paths of the two 
planets with reference to the stars during September. 

Mars may be seen during the latter half of the night. His course this month 
will be eastward through the constellation Taurus, from a point due north of the 
red star Aldebaran to a point a little north of the star ¢ Tauri. On the way 
Mars will pass Neptune at midnight Sept. 23. Mars will then be just 51’ north 
of Neptune. The best time to observe Mars now is between 5 and 6 o'clock in 
the morning when the planet is near the meridian at a high altitude. The disk of 
the planet is vet small, being 10” in diameter Sept. 1st, and 12” Sept. 30th, but, 
as will be seen from the article by Mr. Lowell in this number, some of the canals 
have already been seen. The south polar cap is now exceedingly small, a mere 
white dot at the edge of the disk. At the north pole there is a much larger whit- 
ish area, but it is not so white nor so sharply defined as that at the south pole. 
The satellites of Mars will not be visible for a month or two yet. 

Jupiter may be seen toward the north of east in the late morning hours but is 
not in favorable position for observation. 
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Saturn and Uranus may yet be observed toward the southwest between 6 
and & p. m., but their altitude is too low for good seeing. 
Neptune is to be seen at the same time with Mars in the morning. This 
planet is almost stationary in the south horn of Taurus, about 3° west of the : 
star € and very near the sixth magnitude star 0. Neptune will be at quadrature, 
90° west of the Sun on the morning of Sept. 12. The conjunction with Mars 
Sept. 23 has been mentioned above. 
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THE CONSTELLATIONS AT 9" P.M. SEPTEMBER 1, 1896. 
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Occultations Visible at Washington. 
IMMERSION. EMERSION. 
Date Star's Magni- Washing- Angle Washing- Angle 
1896. Name. tude. tonM.T. f'm Npt. tonM.T. f'm N pt. Duration. 
m h m h m 
Sept. 2 A Geminorum....5.7 17 13 107 #418 32 271 #1 «19 
18 yw Capricorni.....5.2 7 14 29 8 26 268 1 i2 
20 12 6.8 13 52 54 233 1 15 
24 26 Arsetie.....0<..: 6.0 16 5&2 91 18 7 231 1 15 
29 39 Geminorum..6.3 15 38 89 : > a: 285 1 24 
29 40 Geminorum..6 3 16 8 123 17 28 255 1 21 
30 82 Geminorum..6.3 12 48 172 i838 2 201 oO 14 


Ephemeris for Physical Observations of Mars.—The following 
data are extracted from a more complete ephemeris by Mr. A. Marth in Monthly 
Notices of R. A. S., April, 1896: 


Areographic Areographic 
Greenwich Position Angle Lat. of Long. of Passage of 


Noon. of Axis. Center of Disk. Cent'l Merid. Zero Meridian. 
(Central Standard Time.) 

Sept. I 325.23 — 4.63 271.03 12 6 P.M. 
3 325.56 — 4.19 251.86 
7 326.24 — 3-32 213.56 
9 326.58 — 2.91 194.44 > 2: 
II 326.92 — 2.50 175-34 
13 327.27 — 2.11 156.26 * 
15 327.62 — 1.73 137-20 om * 
17 327-97 — 1.35 118.15 eo a * 
19 328.32 — 0.98 99.13 * 

21 328.66 — 0.63 80.14 1 10 A.M. 
23 329.00 — 0.29 61.16 [n= 
25 329-34 + 0.03 2.21 
27 329.67 + 0.34 23.2 
29 330.00 + 0.63 4-39 2. 


The daily change in the longitude of the central meridian varies from 350°.08 
to 351°.22. In order to find what longitude is on the central meridian of Mars 
at any moment one must calculate the Greenwich time of that moment and the 
number of degrees change of longitude in the interval of time which has elapsed 
since Greenwich noon. For instance, suppose we wish to find the longitude of the 
center of Mars’ disk at 45 20™ a. M. Sept. 2, Central Standard Time. To reduce to 
Greenwich time we add 6" and have 10" 20™ a. M., Sept. 2, or 22" 20™ past noon 
of Sept. 1. Looking in the table we find the longitude of the central meridian to 
be 271°.03 at Greenwich noon, Sept. 1, and 251°.86 on Sept. 3. The change in 
the interval of two days, since the planet rotates nearly twice in that time, is 
251°.86 — 271°.03 + 720° = 700°.83, or in one day 350°.42. 


change would amount to - 24 X 350°.42 = 326°.09. Adding this to the longi- 


In 225 20™ this 


tude at Greenwich noon Sept. 1, we have 271°.03 + 326°.09 — 360° = 237°.12 
as the longitude of the central meridian at 45 20™ a. M., Sept. 2 Central Standard 


time. The other quantities in the table change so slowly as to occasion no diffi- 


culty in their use. 


q 
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VARIABLE STARS. 


J. A. PARKHURST. 


Maxima and Minima of Long Period Variables. 


MAXIMA. MAXIMA Contr. MINIMA. 
1896 November. 1896 November. 1896 November. 
Date No. Star. Date No. Star. Date No. Star. 
1 5758 X Herculis 12 7571 V Capricorni 4+ 4596 U Virginis 
1 5704 RR Libre 14 1803 T Leporis 5 2445 WMonocerot. 
2 806 o Ceti 14 1717 V Tauri 10 6044 S Herculis 
} 2 1761 R Orionis 15 62 S Sculptoris 12 7428 V Cygni 
| 3 1981 SCamelopar. 19 7577 X Capricorni 16 5338 UV Bootis 
5 3994 S Leonis 19 845 R Ceti 16 5504 S Corone 
: 6 2684 S Canis min. 21 5770 R Herculis 16 7456 RR Cygni 
: 6 7783 RU Cygni 26 5583 X Libre 16 906 R Trianguli 
; 11 7560 R Vulpecule 30 5644 Z Libre 17 5675 V Corone 
19 6990 W Aquilz 
20 &93 U Ceti 
20 2213 » Geminorum 
i 22 976 T Arietis 
} 26 7139 RR Sagittarii 
28 6943 T Sagittze 
Minima of the Variable Stars of the Algol Type. 
- [Given to the nearest hour in Greenwich Mean Time.] 
a U CEPHEI. ALGOL. R CANIS MAJ. S CANCRI. 
1896. 1896. 1896. 1896. 
d h d h d h 
d h Oct. 10 0 Oct. 1 19 Oct. 9 18 
12 21 2 22 28 18 
Get... 2 19 15 17 8 14. 
: 7 19 18 14 9 18 W DELPHINI. 
= 12 18 10 21 
2 A TAURI. 17. 16 Oct. 5 13 
= 929 18 18 20 10 be) 
} 7 17 Oct. 13 O 19 23 15 4 
3 16 22 26 16 19 23 
a 20. 2% 18 24 18 
24 20 27 29 «14 
28 19 
-. From Hartwig’s ephemeris in the Vierteljahrsschrift, except that W Delphini 


is taken from Pickering’s ephemeris in the Astrophysical Journal. 


Mira. A part of the results of last season’s observations have been published. 
Isolated or unreduced comparisons by Wilson, Brown and O'Halloran have been 
published in this journal and the English Mechanic. Very interesting photo- 
graphs of the spectrum by Wilson appeared in PopuLarR AsTRONOMY and by Wil- 
sing in Nature Three determinations of the time of maximuin are at hand. 
e~ Henry M. Parkhurst, from numerous photometric measures deduces Maximum 
e A, 1896, Jan. 4 B, Jan. 16. 


Yendell finds Jan. 28, 3.86 magnitude. 
Hisgen (Georgetown College) finds Jan. 28, 3.4 7” 
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The two latter also agree in finding the star at nearly stationary light from 
about the middle of January to the middle of February. The last recorded obser- 
vation was by J. A. Parkhurst, March 23, 5.6 magnitude. The above dates give 
corrections to Chandler’s ephemeris of from + 26 to + 50 days. 

3493 R Leonis. This is another star which is wandering from Chandler's 
elements. The predicted time of maximum for this year was Feb. 19. The fol- 


lowing are the observed times: 


1896 Jan. 12, 6.4 mag. Yendell. 
Jan. 9, 6.7 mag. Sperra. 


1623 T Camelopardalis. The position of this star has been measured with 
the followirg results for 1900: 


R. A. 4° 30™ 20.825 Dec. + 65° 56’ 43.6” Hartwig. 
4 30 21.60 65 56 44.7 J. A. Parkhurst. 


The published maxima are: 


1896 Jan. 6, 8 4 mag. W. E. Sperra: 
jon. 10, 74 “ J. A. Parkhurst. 

The large difference of magnitude observed is accounted for partly by the use 
of a different system of magnitudes for the comparison stars, one using (prob- 
ably) the Durchmusterung system, and the other the estimates of Fearnley (the 
observer for the Christiana Astronomische Gesellschaft Zone, +55° to + 70°.) 
A second source of difference is the fact that Sperra observed with a 3 inch aper- 
ture and Parkhurst with 6 inches. It is a well recognized fact that a red star 
looks brighter with an increase in aperture. Yendell estimates the redness of 
this star as 6 on a scale of 10. 

A third source of difference is the use of a refractor by one observer and a re- 
flector by the other. There is a greater absorption of blue rays by the silver film 
of the latter than by the lens of the former. This would tend to make the red 
star appear brighter in the reflector, in accord with the observations. 


Naming of Recently Discovered Asteroids.—The following names 
were communicated to the Astronomische Nachrichten, No. 3364, by Dr. Max 
Wolf : 

(330) Adalberta, (1892 X) discovered Mar. 18, 1892, 


(341) California, (1892 J) = Sept. 25, “s 
(342) Endymion, (1892 k) Get. 
(343) Ostara, (1892 N) = Nov. 15, i 
(351) Yrsa, (1892 V) = Dec. 16, se 
(385) Ilmatar, (1894 AX) “ Mar. 1, 1894. 
(391) Ingeborg, (1894 BE) “ Nov. 1, ” 


Photographs of the Pleiades with Long Exposures.—In Astronom- 
ische Nachrichten No.3366, Mr. W.Stratonoff describes the results of some photo- 
graphs of the pleiades taken at the Tachkent Observatory, with a Repsold-Henry 
refractor of 13 inches aperture, in 1894. The first was given an exposure of 9” 
54™ on three nights, the second 25" 0™ on 9 nights, and the third 17" 35™ on 9 


nights. The second photograph is the most interesting, showing 6,614 stars on 
the surface of 4 square degrees and a great amount of detail in the nebulosity 
already known. A new straight streak of nebulosity is shown 20’ rorth of Ale- 
yone, running from R.A.3" 40™.7, Decl. + 24° 4’, to R.A. 3" 41.9, Decl. + 24° 4’, 
Its width is from 20” to 30” and it is almost parallel to the streak discovered by 
the Messrs. Henry. 
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COMET NOTES. 


Brooks Periodic Comet (1889 V.)—In Astronomical Journal No. 380 
Mr. C. L. Poor gives corrections to his elements of this comet, depending upon 
the observation by M. Javelle, June 20,1896. The following are the corrected 
elements. 


T = 1896, Nov. 4.16177 Greenwich Mean Time. 


x= 1° 48’ &3”.69 
1 
i= 6 38 84. 
@ — 34347 45 .93 
log a = 0.5673648 
log e = 9.6715950 
499” Period 7.0969 years. 


Concerning the identity of this with Lexell’s comet of 1770, Mr. Poor says: 
“Unless there is some error in my previous work, or unless quantities of the 
second order, there of necessity neglected, materially affect the results, it would 
now seem to be reasonably well established that the periodic comet of Brooks 
and Javelle is not identical to that of Lexell.”’ 


Ephemeris of Brook’s Periodic Comet (1889 V). 


{From Astronomische Nackrichten, No. 3369.] 


Berlin Aberration 
Midnight. ; R. A. Decl. log 4 Time. Brightness 

Sept. 1 22 20 11.78 — 19 7 49.1 0.0149 8 35 2.1 
2 19 30.86 7 8.3 
3 18 50.38 6 16.8 
4 18 10.44 5 14.6 
5 17 31.14 4 1.2 0.0152 8 35 2.1 
6 16 52.59 2 36.1 
7 16 14.83 — 19 0 59.4 
8 15 37:96 — 18 59 I1.0 
9 15 2.04 57 10.7 0.0169 8 37 a5 
10 14 27.20 54 58.3 
13 53-48 52 33:8 
12 13 20.94 49 57-3 
13 49.63 47. 0.0200 8 4I 2.0 
14 12 19,66 44 
15 51.06 40 55.2 
16 Il 23.89 37. 30.2 
17 10 58.23 33 53-0 0.0244 8 46 2.0 
18 10 34.18 30 3.4 
19 10 11.74 26 «(1.7 
20 9 50.93 21 48.1 
21 9 31.79 17 22.7 0.0299 8 53 2.0 
22 9 14.37 45-7 
23 8 538.69 57.1 
24 8 44.77 — 18 2 57.0 
25 8 32.66 — 17 57 45.6 0.0366 9 I 2.0 
26 8 22.41 §2 23.2 
27 8 14.03 46 49.6 
28 8 7-53 4.3 
29 8 2.93 35 0.0442 9 1.9 
30 22 8 o28 — 17 29° 1.5 


From this ephemeris it will be seen that Brooks’ comet is moving slowly 
northwest in the constellation Aquarius. It is about midway between the Y of 
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Aquarius and the first magnitude star Fomalhaut and 4 


or 5° west of a line 
joining these objects. 


The comet is quite faint even with a 16-inch telescope so 
that probably not many of our readers will be able to see it. 


Comet 1895 IV, (Perrine).—We are able to glimpse this comet as late as 
June 5, 1896 but were not able then to measure its position. At the Lick Observ- 
atory it was still being observed with the 36-inch telescope in the middle of July. 
The distance of the comet from the earth is now over four times that of the earth 


from the Sun. Its position Sept. 2 will be R. A. 16" 23™ 24°; Decl. + 13° 557.2. 


GENERAL NOTES. 


For information pertaining to the business interests of this publication, our 
readers are referred to the last page of this number. 


Partial Eclipse of the Moon, Aug. 22-23, 1896 —It was clear at 
Northfield and the partial eclipse of the Moon was observed, and several excellent 
photographs were taken by Dr. Wilson during its progress which show points of 
interest that will be spoken of next time. 


The first contact of the shadow was 
about 11 o'clock 24 minutes P. M. 


Total Solar Eclipse, Aug 9, 1896.—The passengers on the S. S. Ohio, 
American line, had a splendid view of the total eclipse of the Sun, which took 


place on the morning of Aug. 9th. The sky was cloudless, and the atmosphere 


clear, so that we had a pertect view of the corona and prominences. The planets 
Jupiter, Mercury and Venus, were plainly to be seen during totality, and many 
well-known constellations. The temperature fell two degrees, from 5¢ 


to 51° 
during totality. 


We viewed the eclipse, from a most favorable position, north- 
west of the island of St6t, near the promontory Kunnen, 66° 57’ north, 13° 30’ 
east. 

Data OF ECLIPSE. 
15th Meridian Time, Time for Copenhagen 


h m s 

15° 60 22, First contact. 

16 53 25, Total obscuration. 

16 55 OO, Total obscuration ended. 


17 50 083, Second contact. 


MARY PROCTOR. 
$. S. Ohio, Trondhjem, August 10th, 1896. 


The Universum Clock.—In the first part of this number is a large and 
faithful cut of the Universum Clock, a description ef which is given on the page 
following the illustration. By favor of the Clock Company, and at our own sug: 
gestion, we have had the privilege of examining one of these new clocks and to 
notice its running for a few days in a general way. 


So far as we have tested it, 
the new clock fulfills every particular that is claimed for it. The design is a pleas- 
ing one, and the workmanship in all pointsseems substantial,tasteful and reliable. 
The oaken case, the heavy plate glass front door, the silvered disk with neat dial 
figures and so divided as to show the time meridian and six hour circles and the 
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horizon, the map of a portion of the Earth's surface with ocean and land divi- 
sions printed in colors are some of the features of the revolving disk. The large 
fixed star chart behind the dial is another new feature of special interest. It is 
nearly 22 inches in diameter with north celestial pole at the centre, and shows the 
stars and constellations to 30°, south declination. Right ascension and declina- 
tion circles, constellation names and months and days are printed in black, while 
the stars are in red and green. We will say more about this clock next time after 
we have seen it work a little longer. 


Morrison’s Planetary Ephemeris.—We were so unfortunate as to lose 
the cut and copy,in the mail, belonging to Dr. Morrison's article on the planetary 
ephemeris and cited on page 32 of the July number. 


We reprint the description 
and give the missing cut. 


cs. Let AV represent the ecliptic, PV’ the orbit of a planet, V the vernal equinox 
and the ascending node; take  V’ = V, and draw PA perpendicular to AV, 
then VA is the heliocentric longitude, AP the heliocentric latitude and PV’ the 
orbit longitude of the planet; and v V is the longitude of the node which we will 
denote by v. Let PA= #, AV =A, Py =/ and Ay P =i, the inclination, then 
it is evident that the correction to the longitude AV in order to reduce it to the 
orbit longitude, PV’, is the difference between Pv and Av, which is a function of 
Aw andi. 


Orbit of y Virginis.—This famous double star, the second of the early 
discovered doubles to prove its binary character, has probably had more orbits 
computed for it than any other binary star. Dr, T. J. J. See, about a year ago, 
gave a list of these orbits, in the Astronomical Journal No, 352. The periods of 
revolution range all the way from the early and highly inaccurate values of 500 
and 600 years down to 133 vears, the best averaging somewhere near 180 years. 
Dr. See’s own calculations, concerning which he said, ‘these are perhaps the most 
exact elements yet determined for any star,” give a period of 194.0 years. Now 
comes a new determiniution, (Astr. Nach. No. 3364), by Dr. W. Doberck, of Hong 
Kong Observatory, based upon all the published observations trom 1718 to 1896, 
which makes the period 184.5 years, with an uncertainty of + 4.8 years. The 
following‘are the elements. 


T = time of periastron 


1836.41 
P = period 


184Y .47 


\ = position angle of node == 89°21’ 
A = position angle of periastron= 106 39 
y = inclination = 
e =eccentricity = 0.8849 
a = semimajor axis 
n = mean annual motion = — 1°.9515 
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The following ephemeris is given Dr. Doherck for the coming years. 


Year. Pos. Angle. Distance. Year. Pos. Angle. Distance. 
° ” 
1896 331.56 5.86 1908 327-81 6.15 
1897 331-23 5-58 1909 327-52 6.16 
1898 330-91 5-91 Iglo 327-23 6.15 
1899 330.59 5-94 Igtl 320.94 6.19 
1900 330.28 5:97 1912 326.65 6.21 
329.97 5-99 326.36 6.22 
1902 329.66 6.02 Igt4 326.06 6.23 
1903 329.34 6.04 Igt5 325-77 6.25 
1904 329.03 6.06 1916 325-49 6.25 
1905 328.73 6.05 1917 325-21 6.26 
1906 328.42 6.11 1918 324.93 6.27 
1907 328.11 6.13 1909 324.63 6.28 
1920 324-34 6.29 


The Lowell Observatory .—The setting up of the mounting for the new 
lens was completed on the 23d of July; the lens itself safely installed in the tube 
on the 23d; and work begun on Mars during the night. The lens, of 24 inches 
aperture, is the latest one made by Alvan Clark and Sons; it was cast by Man- 
tois and is an exceptionally fine piece of glass, being freer from striae than any 
large lens the Clarks have ever turned out. 


The mounting is also by them and 
has proved most satisfactory. 


It was made specially heavy in order to insure 
steadiness and has been eminently successful. It gives a fixity to the image as 
important as it is pleasing. The driving clock was also designed by Alvan Clark 
and Sons and contrary to the usual experience in driving gear, worked at once 
and continuously. 

Mr. Drew joined the Observatory on the 27th and Dr. See and Mr. Cogshall 
on the 30th. Mr. Drew shortly began observing Mars and Dr. See and Mr. Cog- 
shall started at once upon their work of surveying the southern skies for binaries. 
They have succeeded already in finding and measuring several new and interest- 
ing doubles, not found by Burnham at the Lick Observatory. 

Everything at present is so satisfactory here that it is probable that the Ob- 
servatory will not be moved to Mexico till sometime in October. 

Flagstaff, A. T., Aug. 10, '96. 


Double Star Work at the Lowell Observatory.—We announced in our 
June number that the Lowell Observatory had secured the services of Dr. T. J. J. 
See for the purpose of undertaking a survey of the southern heavens for the dis- 
covery and measurement of new double stars and nebula. The new 24 inch Clark 
Refractor has been mounted at Flagstaff, and preliminary work on this survey is 
now in progress, and it is reported that a number of interesting double stars have 
already been discovered. Dr. See is assisted in his work by Mr. W. A. Cogshall, S. 
B..of Grand Rapids, Mich. The survey is to include an examination of all stars 
brighter than the tenth magnitude, and when the Observatory is removed to the 
city of Mexico, will be extended over the zone from 30 to 60 degrees south decli- 
nation. 

The new 24 inch Clark Refractor is pronounced by those who have tested it 
to be one of the finest instruments ever produced by its justly celebrated makers, 
and its southern location will enable Lowell Observatory to undertake researches 
which have been impossible heretofore. 

Some regret will doubtless be felt by astronomers that the important work of 
instruction in mathematical astronomy which Dr. See has inaugurated at Chicago 
should be temporarily discontinued. 


But we cannot doubt that he has acted 
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wisely in entering upon this magnificent enterprise, in a region now accessible to 
| proper study for the first time, thanks to the foresight and broadmindedness of 
Mr. Lowell. Norwithstanding the general demand for a double-star survey of the 
a | southern heavens, no exhaustive work in this line has yet been undertaken, and 
| since the time of Sir John Herschel there have been few additions to the known 
| double stars of the southern hemisphere. Ina recent interview, Dr. See is quoted 

| as saying:—“This survey presents possibilities in which I have always been deeply 
interested, but which I never supposed I would he called upon to develop. In the 


interest of American science | am anxious to make the most of the opportunities 
afforded by the splendid equipment of the Lowell Observatory. My plan is to 
: sweep over the region surveyed by Sir John Herschel and to do the work in the 
most exhaustive manner.” 


a Smith Observatory.—In response to the editor's request would say that 
— 7 my present work is much the same as for several years past. In accordance with 
the wishes of its founder, a large part of the work of this Observatory is the enter- 
; . tainment and instruction of visitors. The Observatory is freely open to the public 
} on every clear evening. Illustrated lectures are frequently given to the schools in 
the high school building, and also to the general public in the opera house. No 
admission fee is charged. 

Only in the intervals of these duties can any original work be attempted by 
the director. This may be summarized as follows: Comet seeking and observing, 
charting and cataloguing of the nebulz, physical observations of the planets and 
Sun, celestial photography. 

A fine series of plates of the total eclipse of the moon last year were secured 
with the 10-inch equatorial. They were direct enlargements giving four and one 
half inches for the moon’s diameter. 

— On November 21st, 1895, in the southeastern morning sky, a new comet was 

: discovered. Position at 14 hours, standard time, being R.A. 9" 51™ 50%; declina- 

tion south 17° 40’.. The comet was large, round and fairly bright telescopic. It 

had a very rapid northerly motion so that in three weeks it became circumpolar, 

and evening observations were possible. The elements indicate a parabolic orbit. 

On the evening of July 21st, of the present year, while observing the moon 

with the 10 inch refractor, a dark, round object was seen to move slowly across 

the moon in a horizontal directon from east to west. Its apparent diameter was 

estimated at about one thirtieth of the apparent diameter of the moon and the 

; duration of its flizht across the moon was between three and tour seconds. The 

writer believes that the object was a meteor, and outside of the earth’s atmo- 
sphere, so that it remained nonluminous. 

Weather permitting, attempts will be made to photograph the August and 
November meteors this year and the latter every year until after 1899. 

The percentage of clear weather for this region, last autumn and early summer 
i has exceeded the normal. For the past two months haze and clouds have inter- 
ti fered with astronomical work. 


WILLIAM R. BROOKS. 


Professor of Mathematics or Astronomy in College.—A gentleman 
= of high attainments in mathematics and astronomy and a well known author 
: oe and writer, who has had a long experience both in teaching and in astronomical 

work, desires a position as professor of mathematics or astronomy in a college 
: or university of repute. Further information furnished on application to the 


editor of PopuLaR Astronomy. Of the ability of the person referred to above to 
fill such a position there can be no question. 
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Annual Report of the Observatory of Paris.—The report of Protes- 
sor Tisserand for the vear 1895 shows that the various lincs of astronoinical 
work are being carried on with vigor at Paris. Nine observers with the meridian 
circles made 17,567 observations of star positions, the greater part being on the 
fundamental catalogue. On the revision of Lalande’s catalogue 4,000 observa- 
tions were made; there remain about 11,000 to be made. This work advances 
slowly because of the unfavorable state of the sky in the winter. 

The Messrs. Henry have made good progress with the chart of the sky, having 
obtained 319 negatives during the vear, raising the total number to 1,155. 88 
negatives have heen measured and the reductions have deen completed for 43 neg- 
atives previously obtained. The measurement of the negatives is carried on by 
a bureau of six ladies under the direction of Miss Klumpke. The photographs 
measured this year are all included in the zone + 23°-24° north declination and 
contain nearly 37,000 stars. 

Messrs. Loewy and Puiseux have devoted their time with the equatorial coude 
to obtaining photographs of the Moon, for the purpose of constructing a large 
scale chart of our satellite. Unfortunately the atmospheric conditions have been 
less favorable than in last vear. ‘One rarely found,’ says M. Loewy, “ the com- 
bination of clearness of sky, tranquillity of image and a sufficient altitude of the 
Moon above the horizon. No opportunity was neglected, but on only 37 nights 
were photographs of the Moon taken, and on a very small number of these was 
any inprovement made over previous results’ A large part of the time has been 
spent in making enlargements on glass, having dimersions of 0".50 by 0™.60. 
Trials have been made by the most skillful artists at reproducing these photo- 
graphs by heliogravure. The best results were obtained by the house of Fillon & 
Heuse, to whom the work of reproduction has finally been entrusted. A beautiful 
specimen, on the original scale of a photograph taken Feb. 14.1894. accompatiies 
the report. A first fasciculus comprising six plates, of which five are enlarge- 
ments corresponding to a lunar diameter of about 2".60, will soon appear. M. 
Loewy finds it difhcult to secure uniform movement of the great instrument for 
the longer exposures upon the Moon, and will attempt to remedy the difficulty by 
having the plate holder moved by clockwork, instead of the whole instrument. 

M. Deslandres has continued his spectroscopic investigations on the Sun and 
planets He has measured the velocity of rotation of Jupiter, as well as of Saturn 
and his rings, and obtains results very close to but slightly larger than the calcu- 
lated velocities. 

The observation of comets, asteroids and double stars has been carried on as 
usual. In the report of the time service it is interesting to note the very accurate 
running of the pendule de caves, which we take to be a clock enclosed in an air- 
tight vault in the cellar of the Observatory. The corrections to this clock for 5 
months were as follows: 


Dec. 15, 1894 4. 31.95 
Jan. 15, 1895 + 31.99 
Feb. 15, 1895 + 30 58 
Mar. 15. 1895 + 31 00 
April 15, 1895 + 30.19 
May 15, 1895 + 31 00 


The small variations are explained as the result of variations of atmospheric 
pressure in the interior of the vault, which was not as strong or tight as it was 
supposed to be. 


Short Focus Telescope by Mogey.—Mr. Henry Harrison, of Jersey 
City, now has in his Observatory a telescope of short focus made by W. & D. 
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Mogey, of Bayonne, N. J. In the future he intends to give much time to the use of 
the spectroscope. Mr. Harrison is an artist. Before celestial photography was 
known, he devoted much time to a painting of the Moon. 
even the best photographs do not surpass it. 


For accuracy in detail 


Mr. John Ritchie’s Address was wrongly given in our July number. It 
is Post Office Box 2725, Boston, Mass., and not Cambridge, Mass. 


Scientific American.—The Anniversary number of this very excellent 
paper is at hand and its contents are the best, we remember, since our knowledge 
of the publication began. It has strong articles on the Transatlantic Steamship, 
the Morse Telegraph, Fifty Years of Physics, Men of Progress (full page illustra- 
tion), Textile Industries in the United States since 1846, Projectures of the Sub- 
marine Cable and map of existing lines. Review of the Progress of Chemistry, 
the Phonograph, the American Locomotive, the Bieycle, Electric Locomotive, 
Naval and Coast defence, Fifty Years in the Printing Business, American Ship- 
building, Development of the Astronomical Telescope in Fifty Years are some of 
the subjects that appear in the forty pages of illustrated reading matter of this 
number. It is a very useful number for reference. Price 10 cents. Send to Messrs. 
Munn & Co., 361, Broadway, N. Y. 


Observatory of the University of Michigan, Ann Arbor:—Pro- 
fessor A. Hall, Jr.. Director of the Observatory, reports, Aug. 19, that he has 
secured quite an extensixe series of observations of Polaris for latitude variation. 
He is also engaged on the division errors of the meridian circle, as no examina- 
tion of the errors has been made for a long time. 


Brooks’ Periodic Comet 1889 V.—In referirng to this comet sonetimes 
in the past we have inadvertantly omitted to attach parts of the full name. It 
should have been designated as above. 


NEW BOOKS. 


Study of the Sky.—By Herbert A. Howe, A. M., Se. D , Director of Cham- 
berlain Observatory, University of Denver; Author of Elements of Descriptive 
Astronomy. Messrs. Flood and Vincent, Meadville, Penna, Publishers. Fully 
illustrated, pp. 339. 

This new book on popular astronomy has been prepared by Professor Howe, 
as a contribution to the literature of the Chatauqua Reading Circle. It opens 
with a historical sketch of the dawn of astronomical ideas, in very early times, 


and refers to Josephus and Herodotus for some of those astonishing statements 
that have come down to modern times, through their writing, but which do not 
have much weight in the minds of scholars now, because they are believed to be 
generally untrue. The distinction between fables and probable facts, though shad- 
owy and hard to discern, seems to be fairly drawn in the author's sketch of these 
early accounts, including those of the Chinese, Babylonians and Grecian philo- 
sophers to the time of Aristotle. Concerning the views of Hipparchus, Ptolemy 
and Copernicus the task is easier and the impression of growing reality in things 
the reader wishes to know is clearly left in mind as he advances. The added feat- 
ure of pictorial illustration begins with Tycho and is continued through the inter- 
esting story of Kepler, Galileo, Newton and Laplace. The second chapter is about 
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the heavens and their apparent daily revolution. A general view of the starry 
sky is first given and then particular classes of celestial bodies are named and 
related in apperance and motion, bringing the reader to th: four following chap- 
ters which treat of the constellations in a very full and instructive manner. Sixty- 
two pages are devoted to this topic and the twenty-eight star diagrams that are 
given to aid the reader in tracing the principal constellations at any time of the 
year, with the plain descriptive matter that accompanies them, furnishes a good 
brief uranography that ought to interest any reader. 

In the remaining chapters the treatment of the respective themes is also some- 
what specialized. The one which deals with the astronomer gives an analysis 
of his qualities and scholarly make-up, what he is as an original investigator, 
in education, in ability to work, and in elements of character. In connection with 
this general discussion of the astronomer as a specialist,embracing about t wenty- 
five pages, are given small half-tone cuts of Professors Young, Holden, Newcomb, 
Gould, the Pickerings, Barnard, Keeler, Chandler and Burnham. Nothing is said 
in particular about these astronomers except to give their names and positions or 
places of residence. There may be good reason why Hall and Langley are omit- 
ted. We wonder a little at the omission of their names. 

Chapter seven deals with a great telescope and the new Yerkes instrument is 
the illustration. The rough glass in the lump, from which the object glass of the 
telescope is to be made, is put through the several stages of cutting and grinding 
and polishing until it finally appears as a finished lens; then its mounting and 
accessory apparatus are attached and it is placed in the great dome where it is to 
be used, truly a thing of beanty and of wonderful power. The illustrations of 
these steps, and cuts of the tools for grinding and polishing, and of the familiar 
faces of Alvan G. Clark and J. A. Brashear make very real the celebrated work of 
American opticians. The remaining chapters tell us about the astronomer’s 
work-shop and some of his tools. of time, the Sun, the Moon and eclipses, the 
planets, comets and meteors, the fixed stars and lastly the nebula. Much might 
be added about each of these topics which form the final chapters of the book. 
But it must suffice now to say that all seem to be prepared with care and pains- 
taking, and well sustained throughout. The last part of the work is even more 
pleasing to us than the earlier portions if there is difference to be mentioned. 

The printers have done their work very neatly and effectively. and Prefessor 
Howe is to be congratulated in placing his work in such competent hands, and 
above all to see, finally, that his many halftone illustrations which always appear 
in the body of the matter, and never on finely finished plate paper are still embeil- 
ishments to the page and not unsightly blemishes, as even now so often is seen in 


our great monthly magazines. The book is worthy of high commendation. 


Computation Rules and Logarithms, with Tables of other Useful 
Functions —By Silas W. Holman. Professor of Physics in the Massachu- 
setts In-titute of Technology, New York: Macmillan & Co., 66 Fifth avenue. 
pp. 73. Price, $1.00. 

The author presents in the first three pages the rules and their underlying 
principles in condensed form for ready reference, and then follow suggestions and 
examples in the use of natural numbers in common operations and in suggested 


abbreviated forms. The method involving a notation by the powers of ten for 


many operations is suggested. The method is now much used among physicists. 
Methods by the use of logarithms are next considered, and four and five place 
tables, and even greater, are provided for in the pertinent suggestions offered to 


facilitate computation. In this connection the statement is made that “the rela- 
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tive labor in using four, five and six place tables lies probably between the ratios 
1:2:3and2:3:4. Assuming the first ratio to hold, the labor is doubled by 
by using a five-place instead of a four-place table, and is increased one-half by 
using a six instead of a five-place table. Hence, as there is no sensible gain from 
using an excess of places, it is obviously very important to employ a table of the 
smallest admissible number of places. On the other hand, the use of too few 
must be guarded against.’’ Further on the author shows, by example, the errors 
arising from using four-place tables, and gives the amount of error that may be 
expected in certain cases. 

The above is one example of the scope and usefulness of this book. Students 
who are to do much computing or teachers who are to instruct in the use of log- 
arithms will find much that is helpful in these pages. Over forty pages ot well 
arranged matter are devoted to the study of these principles and the illustrations 
needed to make their application clear. 

The tables follow, and are in large, clear type, sufficiently open on the page for 
easy eye-work, and the course figures at top and bottom of the pages as well as 
corner titles are very well chosen. Practical computers will think the author has 
made a mistake in using negative characteristics instead of adding 10 to avoid 
them We do not know any good reason for this. Weare also disappointed not 
to find auxiliary proportional parts for the five-place table. We know that this 
is not very generally done in tables of so few places, yet they are convenient 


and 
time-saving. 


PUBLISHER’S NOTICES. 


Contributors are asked to prepare copy carefully, and to write a// proper 
names very plainly It other language than the Euglish is used to any consider- 
able extent it should be type-written. Manuscript to be returned should be 
accompanied by postage for that purpose, 

All Drawings tor publication should be done in India ink, twice the size 
that the cut will be on the printed page. The lines, figures and letters should be 
made even, very smooth and uniformly black in every part of the copy, in order 
to secure the best reproductions possible by the modern quick processes of en- 
graving now most generally used. 

Proofs will generally be sent to authors living in the United States, it copy 
is furnished betore the tenth of the month preceeding that of publication. We 
greatly prefer that authors should read their own proots, and we will faithtully 
see that all corrections are made in the final proots. 

Reprints of articles for authors, when desired, will be furnished in titled 
paper covers at small cost. Persons wanting reprints should always notify the 
publisher when the copy is sent or the proof returned. For they can not be 
turnished later without incurring much greater expense. 

The Annual Subscription Price of PopuLark Astronomy is $250 in 
advance for all subscribers in America, Canada and Mexico To toreign subscrib- 
ers the price is $3 00 per vear, as foreign postage is from 30 to 40 cents a year, 
and other expences fully cover the difference. 

Renewals.—Notices of expiration of subscription will hereafter be sent with 
the last number of this publication for which payment has been made. It is 
especially requested that subscribers fill out the blank notice sent them and 
promptly return it to the publisher, as this publication will not be continued be- 
yond the time for which it has been ordered. 

Messrs. Wm. Wesley & Son, 28 Essex Street, Strand, London, England, 
are our sole European agents. 

All correspondence and all remittances should be sent to 

Wma. W. Payne, 
Northfield, Minn., U.S. A. 
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